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PREFACE 
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The  contents  of  the  report  represent  the  fulfillment  of  the  above  con- 
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does  not  necessarily  represent  the  recommendation,  conclusions  or  approval 
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The  prime  objective  of  this  study  was  to  establisli  oifectivo  re  1 i i I i : v 
procedures  for  testing,  qualifying  and  screening  microcircuit  progr.imm.iM e 
read-only  memories  (PROMs).  This  study  evaluated  programming  fusing  methods 
and  materials  to  assess  their  reliability.  PROMs  using  tiiree  types  of 
programming  (nichrome  fusible  link,  avalanche-induced  migrati  (AIM)  and 
polysilicon  fusible  link)  were  studied  in  detail.  After  programming  the 
different  devices  with  varying  programming  pulses  and  conditions,  it  was  found 
that  it  was  best  to  use  manufacturer  suggested  voltages  and  waveforms. 

The  study  is  considered  successful  in  meeting  the  initial  objectives 
established  at  the  beginning  of  the  program.  Personnel  from  Hughes  that 
participated  in  this  effort  performed  in  a professional  manner  and  produced 
a high  quality  report. 

The  major  significance  of  this  study  is  that  it  provides  a background 
of  technical  understanding  in  the  programming  mechanism  and  failure  m.odes 
of  three  types  of  PROMs.  The  findings  of  the  study  will  be  used  in  the  pre- 
paration of  MIL-M-38510  detail  specifications  for  the  PROMs  studied  in  this 
program  and  for  other  PROMs  which  use  the  same  type  programm.ing.  The  tests 
and  programming  methods  will  be  added  to  MIL-STn-883. 


JAMES  J.  DOBSON 
Project  Engineer 
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].  INTRODUCTION 


PURPOSE  OF  STUDY 

This  final  report  presents  the  results  of  a study  performed  by  the 
Strategic  Systems  Division  of  Hughes  Aircraft  Company  under  Rome  Air 
Development  Center  Contract  No.  F3 0602 - 75 - C - 02 94 . The  primary  objec- 
tives of  this  study  were: 

1.  Assess  factors  affecting  the  reliability  of  three  type  f program- 
mable read  - only  memorie  s (PROM's),  namely  poly  stalline 
silicon  (polysilicon)  fuse,  avalanche  - induced  migration  (AIAf)  and 
nichrome  fuse  technologies. 

2.  Investigate  programming  and  associated  failure  mechanisms. 

3.  Assess  the  reliability  of  these  PROM's  via  a life  test. 

This  study  is  a continuation  of  an  earlier  study  on  the  reliability  of 
PROM's  which  was  completed  in  March,  1975.  The  final  report  of  the  earlier 
study  is  RADC  - TR - 75  - 278,  entitled,  "Reliability  Evaluation  of  Programmable 
Read-Only  Memories.  ''  In  that  report  three  types  of  PROM's  were  covered, 
namely  nichrome  fuse,  titanium -tung  sten  fuse  and  avalanche  - induced 
migration  (AIM)  technologies. 

SCOPE  OF  THIS  PROM  RELIABILITY  EVALUATION  STUDY 

This  study  was  conducted  utilizing  as  vehicles  ten  1024-bit,  ten  204i4-bit  and 
five  4096-bit  PROM's  from  each  of  four  s uppl ie r s co ve r ing  three  technologies; 
Polysilicon  fuse,  avalanche-induced-migration  (AIM)  and  nichrome  fuse. 
Nichrome  PROM's  from  two  suppliers  and  the  others  from  one  supplier  ea<.  h 
were  utilized.  Four  specific  areas  were  investigated; 

1.  Programmiing  and  Electrical  Test 

2.  Programming  (Fusing)  Meclianisms 

3.  Failure  Mechanisms 

4.  Screening,  Burn-in  and  Life  Tests 
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Within  these  four  areas,  the  following  specific  tasks  were  accompl i shi'd: 

1.  Programming  and  Electrical  Test 

a.  The  unique  electrical  characteristics  pertaining  to  programming 
were  analyzed  for  each  memory  element  technology  under  study. 

b.  The  effects  of  bit  capacity /chip  size  on  programming  were 
studied. 

c.  Methods  of  programming  and  their  eventual  reliability  were 
evaluated. 

d.  Concepts  for  optimizing  programming  yield  and  reliability 
were  developed. 

e.  Variations  in  programming  pulses,  such  as  fusing  currents, 
and  their  effects  on  fusing  were  studied. 

2.  Programming  (Fusing)  Mechanisms 

a.  Programming  (fusing)  mechanisms  associated  with  each  memory 
element  technology  under  study  were  identified. 

b.  Material  and  geometry  characteristics  of  the  memory  elements 
were  determined. 

c.  Scanning  electron  microscope  as  well  as  transmission  electron 
microscope  studies  of  the  fuse  elements  were  performed. 

d.  AIM  devices  were  sectioned  and  junction  shorting  spikes 
after  programming  were  photographed. 

e.  Resistances  of  unprogrammed  and  programmed  polysilicon  fuse 
elements  were  measured. 

3.  Memory  Element  Failure  Mechanisms 

a.  Passivation  integrity  of  fuse  memory  elements  was  studied  by 
means  of  freeze-out  and  water  drop  tests. 

b.  Reconduction  likelihood  of  programmed  fuse  memory  elements 
was  investigated. 

c.  Likelihood  of  unwanted  shorting  of  memory  element  in  AIM 
devices  was  evaluated. 

d.  Likelihood  of  programmed  AIM  memory  element  opening 
or  shorting  of  the  isolation  diode  was  studied. 

4.  Screening,  burn-in  and  life  tests 

a.  Screening  tests  were  performed  on  all  fuse  type  PROMs  under 
study. 

b.  Burn-in  and  life  tests  were  conducted  under  125°C  chamber 
conditions  for  all  PROM  types  under  study. 
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The  primary  study  emphasis  was  placed  on  the  polysilicon  fuse 
technology  because  this  technology  was  not  covered  in  the  earlier  study. 

The  AIM  technology  received  second  priority.  The  nichrome  fuse  tech- 
nology, which  received  the  most  coverage  in  the  earlier  study,  w s studied 
with  respect  to  areas  not  already  evaluated. 

HISTORICAL  BACKGROUND  OF  PROM  TECHNOLOGIES  STUDIED 

The  first  field  Programmable  Read  Only  Memory  (PROM)  was  intro- 
duced in  early  1970.  Today  there  are  four  different  bipolar  1 'M  tecli- 
nologies,  at  least  10  manufacturers,  and  more  than  40  device  types  ranging 
from  Z56-  to  8192-bit  memory  capacities.  Basic  variations  in  technologies 
relate  to  methods  used  to  store  a non-volatile  memory  bit.  Memory  elements 
may  consists  of  nichrome  fusible  links,  titanium-tungsten  fusible  links, 
polysilicon  fusible  links,  or  a reverse-biased  emitter-base  diode  utilizing 
what  is  known  as  the  Avalanche -Induced  Migration  (AIM)  technology.  The 
three  technologies  investigated  in  this  study  are  discussed  below. 

Polycrystalline  Silicon  (Polysilicon)  Fusible  Links 

The  polysilicon  film  used  to  form  the  fuses  in  this  technology  is  similar 
to  that  used  in  polysilicon  gate  MOS  devices.  Schottky  bipolar  PROMs 
utilizing  this  technology  were  introduced  in  the  first  quarter  of  1972  and  are 
now  available  from  Hvo  vendors.  The  products  of  only  one  manufacturer, 
who  offers  military  versions  in  1024,  2048,  and  4096-bit  sizes,  were  tested 
in  this  program.  Significant  milestones  in  the  development  of  this  technology 
are: 

1.  First  quarter  1974  - Circuit  changes  were  made  to  increase  the 
speed  of  the  1024-bit  device. 

2.  Second  quarter  1974  - 2048-bit  device  was  introduced. 

3.  First  quarter  1975  - Changed  from  diffusion  of  the  base  region  to 
ion  implantation  for  better  process  control.  4096-bit  device  was 
int  reduced. 

4.  Fourth  quarter  1976  - 2048  and  4096-bit  devices  redesigned  using 
polysilicon  crossunders  to  enable  smaller  chip  sizes  and  higher 
speed.  (Devices  were  obtained  for  this  program  in  1^175  an-  uid 
not  have  this  modification.  ) 
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5.  Fourth  quarter,  1976  - The  manufacturer ' s recommended  pro- 
gramming algorithm  was  modified  to  increase  programming  yield. 
(This  modification  was  not  used  in  the  tests  reported  here.  ) 


Avalanche-Induced  Migration  (AIM) 


The  AIM  memory  element  is  a diffused  bipolar  transistor  without  a base 
contact.  Programming  is  accomplished  by  electrically  altering  the  emitter- 
base  junction  to  form  a resistive  short  across  it.  This  technology  was 
introduced  in  1971  with  1024  and  2048-bit  versions.  The  principal  mile- 
stones in  its  subsequent  development  are: 

1.  January  1972  - The  1024-bit  chip  was  reduced  in  size  to  improve 
speed  and  increase  programming  yield. 

2.  February  1973  - Circuitry  changes  were  made  to  improve  chip 
enable  speed  and  reduce  programming  path  resistance  and  required 
voltage  on  the  1024-bit  device. 

3.  June  1974  - The  number  of  after  programming  pulses  which  are 
applied  after  the  emitter-base  short  has  been  sensed  was  reduced 
to  prevent  degradation  of  the  base-collector  junction. 

4.  First  quarter  1975  - 4096-bit  device  introduced. 

5.  Second  quarter  1976  - Minor  mask  changes  were  made  on  the 
4096-bit  device  to  increase  its  speed  and  improve  the  high  tempera- 
ture operation  of  the  chip  enable  driver.  (Devices  tested  in  this 
program  were  obtained  in  1975  and  did  not  have  this  modification.  ) 

6.  1 November  1976  - A military  specification,  MIL, -M-385  10/202, 
was  issued  for  1024-bit  AIM  PROMs. 

Nichrome  (NiCr)  Fusible  Links 

This  technology  is  the  first  used  for  PROM  elements  and  was  introduced 
in  April  1970.  It  is  now  in  use  by  six  manufacturers,  although  products  from 
only  two  of  them  were  included  in  this  study.  Complete  accounts  of  each 
manufacturer's  design  and  process  changes  are  difficult  to  obtain  because 
of  the  proprietary  nature  of  the  information.  Changes  in  NiCr  PROM  design 
and  processing  reported  in  the  previous  Hughes  study  were: 

1.  Use  of  a new  process  to  provide  tighter  control  of  the  cross- 
sectional  area  of  the  fusible  link. 

2.  Implementation  of  a new  screen  utilizing  a bias  to  test  fusible  links 
contained  in  each  device  (not  accessible  to  users). 
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3.  Verification  of  programmed  patterns  utilizing  a reductit>n  in  jjower 
supply  voltage  (to  approximately  4 volts). 

4.  Utilization  of  double  masking  to  reduce  pinholes. 

Recently,  three  additional  developments  have  occurred; 

5.  The  1024,  2048,  and  4096-bit  devices  of  both  manufacturers  have 
been  revised  so  that  they  form  generic  families,  i.e.  , they  all  use 
similar  layouts  and  circuit  designs.  Various  circuit  improvements 
were  incorporated  in  the  generic  designs. 

6.  Improvements  in  programming  circuits  and  manufacturing  test  pro- 
cedures have  been  made  to  enable  single  pulse  progr  ming  with 
high  yield. 

7.  Both  NiCr  PROM  product  lines  included  in  this  study  now  use 
Schottky  diode  clamps  instead  of  gold  doping  to  achieve  high  speed 
and/or  low  power  operation. 

MILITARY  SPECIFICATIONS  FOR  PROMS 

The  U.S.  Air  Force  specification  for  512-bit  nichrome  fuse  link  PROMs 
is  MII.,-M-385  10/201,  issued  21  August  1972  and  amended  17  July  1 973. 

The  specification  MIL-M-385 10/202,  issued  1 November  1976,  is  for 
1024-bit  AIM  devices.  Additional  USAF  specifications  for  PROMs  are  in 
preparation. 

Department  of  Defense  specifications  for  PROMs  were  issued  30  Janu- 
ary 1976.  The  general  specification  is  drawing  number  ON12629o.  Detail 
requirements  for  1024-bit  PR.OMs  are  given  in  drawing  number  ON  126296/0  1. 

VENDORS  OF  DEVICES  USED  IN  THIS  STUDY 

The  four  vendors  of  devices  used  in  this  study  are  Harris  Semicon- 
ductor; Monolithic  Memories,  Inc.  ; Intel  Corp.  ; and  Intersil,  Im  . 

The  following  codes  are  used  in  this  report  for  vendor  designation: 

Vendor  A = Harris 

Vendor  B = MMI 

Vendor  X = Intel 

Vendor  Y = Intersil 


2.  PROM  MEMORY  ELEMENT  TECHNOLOGIES 


The  PROM  element  structures  included  in  this  study  are 

1.  Fvise  Link  PROMs,  employing  either  nichrome  (NiCr)  or  poly- 
crystalline silicon  (polysilicon)  fuse  materials. 

2.  AIM  (avalanche-induced  migration)  PROMs,  often  referred  to  as 
"blown  diode"  memory  elements. 

A survey  of  available  fusible  link  PROMs  indicates  that  a variety  of 
different  shaped  fuse  links  are  used.  In  part,  the  differences  occur  because 
of  fuse  material  selection  and/or  composition.  Programming  reliability  is 
I also  a factor.  Fuse  link  material  thickness,  cross-section,  length  between 

opposed  termination  pads,  resistance,  etc,,  all  may  affect  fuse  link  ease  of 
fabrication,  programmability  and  ultimate  reliability.  Material  selection  and 
associated  fabrication  processes  do  affect  the  occurrence  and  frequency  of 

potential  failure  modes  such  as  unprogrammed  "opens"  and  "growback"  links  j 

or  unwanted  "shorts."  An  understanding  of  fuse  configurations,  materials  and 

processes  is,  therefore,  quite  necessary  in  generating  an  accurate  picture  of 

PROM  device  reliability.  Top  views  and  a sectional  view  of  a fuse  link  along  its 

length  are  shown  in  Figure  1;  the  vertical  scale  of  the  section  is  exaggerated  for 

clarity.  i 

The  AIM  or  blown  emitter-base  junction  PROM  is  quite  different  in  con-  j 

cept  and  configuration  from  the  fuse  link  type  PROM.  The  AIM  memory  | 

element  is  a planar  transistor.  Programming  is  effected  by  high  current  j 

pulses  which  permanently  short  the  emitter-base  junction  of  the  transistor.  j 

Thus  the  programming  mechanism  occurs  below  the  surface  of  the  device, 
within  the  bulk  silicon. 

Following  are  details  of  the  three  PROM  element  technologies  included 
I in  this  study.  Photographs  of  the  devices  used  are  included.  The  areas  of 

r 

the  cells  which  contain  the  individual  memory  elements  are  listed  in  Table  1. 

The  memory  arrays  also  contain  some  A1  buses,  typically  one  per  eight 
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Figure  1.  Fuse  links. 

columns  of  cells,  which  are  not  included  in  the  cell  areas.  The  widths  of 
the  aluminum  lines  (which  are  the  electrical  connections  to  each  column  of 
cells  in  the  array)  are  also  given  in  Table  1. 

POLYCRYSTALLINE  SILICON  FUSE  TECHNOLOGY 

The  polysilicon  fuses  are  shaped  like  an  hourglass,  similar  to  the  fuse 
shown  at  the  bottom  of  Figure  la.  Their  minimum  width  is  about  half  the 
width  of  the  NiCr  fuses  and  the  same  as  for  Ti-W  fuses.  How'ever,  the 
polyc ry stalline  Si  film  is  about  16  times  thicker  than  the  NiCr  films  and 
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TABLE  1,  THE  AREAS  (IN  OF  INDIVIDUAL  PROM  {'ELLS 

AND  MINIMUM  ALUMINUM  LINE  WIDTHS  (IN  kM)  OF  THE 
DEVICES  USED  IN  THIS  STUDY 


Device  Capacity 


PROM 

Technology 

1024  Bits 

Area  Linewidth 

2048  Bits 

Area  Linewidth 

4096  Bits 

Area  Linewidth 

Poly  silicon  Fuse 

1710 

6.  3 

1500 

5.  3 

1500 

6.  3 

AIM 

850 

9.  5 

970 

9.  5 

1020 

12.  7 

Nichrome  Fuse 

Vendor  A 

1210 

5.  3 

1210 

5.  3 

12  70'.- 

4.  8- 

Vendor  B 

1090 

5.  8 

1090 

5.  8 

1060- 

5.  0- 

■i'The  differences  between  the  dimensions  of  the  nichrome  4096- bit  devices 
and  the  smaller  devices  from  the  same  vendor  probably  result  from  normal 
manufacturing  and  measuring  tolerances. 


about  4 times  thicker  than  the  Ti-W  films  used  in  the  other  fusible  link  tech- 
nologies. Therefore  considerably  more  material  is  used  for  the  polysilicon 
fuse  link,  which  might  simplify  manufacturing  process  control.  The 
resistances  of  polysilicon  fuses  can  be  adjusted,  in  principle,  by  controlling 
the  amovint  of  phosphorus  doping  that  is  subsequently  applied.  In  practice, 
however,  the  polysilicon  film  is  doped  at  the  same  time  as  are  the  emitters 
of  the  n*p-n  transistors  and  therefore  its  resistivity  is  not  independently 
controlled.  The  polysilicon  film  extends  underneath  the  A1  column  address 
conductors  on  the  memory  array.  (On  devices  made  since  the  fourth  quarter 
of  1976,  polysilicon  is  used  to  form  crossings  under  A1  lines  on  2048  and 
4096-bit  devices,  enabling  smaller  size,  higher  yield  chips.  ) 

A phosphosilicate  glass  film  is  deposited  on  top  of  the  metallization  for 
protection  from  abrasion  and  particles  inside  the  package.  When  this  glass 
film  is  etched  away  at  the  chip  bonding  pads,  openings  are  also  etched  at  every 
polysilicon  fuse,  reportedly  to  facilitate  programming.  The  native  oxide 
that  forms  on  silicon  will  protect  the  exposed  fuses  from  corrosion.  The 
even  thicker  oxide  that  forms  on  programmed  fuses  while  they  are  hot  is 
probably  sufficient  to  protect  them  from  shorting  by  loose  particles. 
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The  composition  of  the  various  components  of  the  memory  elements 
was  investigated  by  a scanning  electron  microscope  (SEM)  using  energy  ! 

dispersive  analysis  of  x-rays  (EDAX).  The  resulting  x-ray  spectra  are  shown 
in  Figure  2. 

The  resistances  of  unprogrammed  fuses  were  measured  with  two  needle 
I probes  and  a Tektronix  Type  576  Curve  Tracer.  The  data  are  summarized 

I in  Table  2.  The  resistances  of  the  unetched  (as-received)samples  ranged 

[ from  70  to  122  ohms  with  an  average  of  89  ohms,  in  reasonable  agreement  , 

with  the  nominal  value  of  100  ohms.  The  reason  for  the  etched  resistors 
[ being  of  lower  resistance  is  not  known;  perhaps  it  is  due  to  contamination  of 

■ the  polysilicon  by  the  etchant  or  formation  of  a parallel  conductive  path  on  the  i 

[ bare  (except  for  native  oxide)  Si  substrate.  | 

The  characteristics  of  the  polysilicon  fuse  technology  are  detailed  j 

below:  j 

l 1.  Field  Oxide  Thickness  - The  thermally-grown  Si  wafer  oxide  coat-  | 

ing  is  about  0.  3 pm  thick.  | 

2.  Fuse  Dimensions  - The  average  width  of  the  neck  of  the  fuse  links  j 

is  2.  2 pm,  with  a standard  deviation  of  fO.  5 pm.  The  probability 

of  having  links  narrower  than  1 pm,  which  might  be  fused  by  the 
read  current,  in  only  0.  01  percent.  The  length  of  the  link  is  about 
7 pm  and  the  thickness  of  the  polysilicon  film  is  0.  35  pm  ±0.  04  pm. 

3.  Polysilicon  Deposition  Method  - Vapor  phase  chemical  vapor 
deposition,  similar  to  that  used  for  polysilicon  gate  MOS  devices, 
is  used  to  deposit  the  polycrystalline  silicon  film.  No  intermediate 
adhesion  layer  is  used  underneath  the  polysilicon.  The  fuses  are 
subsequently  doped  with  phosphorus  during  the  emitter  diffusion 
step,  which  gives  a sheet  resistance  of  50  to  100  ohm/square. 

4.  Fuse  Terminations  and  Interconnections  - A film  of  aluminum,  1 pm 
thick,  is  used  to  form  the  fuse  terminations  and  circuit  intercon- 
nections. Polysilicon  underlies  only  the  A1  column  buses  on  the 
array.  The  Al-polysilicon  interface  is  approximately  8 x 14  pm. 

The  interface  is  located  at  the  termination  pad  on  the  end  of  each 
transistor  fuse.  Low  contact  resistance  at  this  interface  is  obtained 
by  sintering. 

5.  Passivation  Glass  - Phosphosilicate  glass,  approximately  1 pm 
thick,  is  deposited  by  chemical  vapor  deposition.  The  nominal 
phosphorus  content  is  2 percent.  The  glass  is  subsequently  removed 
by  chemical  etching  from  the  bonding  pads  and  from  every  fuse  link 
(in  order  to  facilitate  programming). 
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TABLE  2.  RESISTANCES  OF  UNBLOWN  POLYSILICON  FUSES 

1024- BIT  PROM  DEVICES 


P'or  1 minute  in  buffered  HE  to  remove  overglass  and  oxide  for  SEM  anal’^'^i 


6.  PROM  Die  Separation  - Diamond  scribing  and  breaking  arc  used  ti) 
dice  the  wafers. 

7.  Fuse  Programming  and  Test  - The  nominal  fusing  current'  ^is 

30  mA,  corresponding  to  a current  density  of  4 x 10*^  A/i.m*'  at  the 
neck  of  the  fuse  link.  The  programming  power  is  normally  about 
90  mW.  The  temperature  at  the  center  of  the  polysilicon  fuse  during 
programming  has  been  calculated  to  be  above  the  melting  point  of 
silicon^  and  good  agreement  between  observed  and  calculated  fusing 
times  has  been  obtained.  An  extra  row  and  column  of  fuses  are 
provided  at  the  perimeter  of  each  PROM  array  for  test  programming, 
which  is  done  at  the  wafer  stage,  before  dicing.  Functional  testing 
is  also  performed  before  dicing  and  after  packaging. 

8.  Memory  Element  Properties  - The  nominal  unprogrammed  fuse 
link  resistance  is  100  ohms.  Variations  in  the  sheet  resistance  of 
the  polysilicon  and  the  dimensions  of  the  fuse  result  in  actual  values 
of  50  to  150  ohms  (cf.  Table  2).  Programmed  fuses  usually  have 
resistances  greater  than  10*?  ohms  (cf.  section  5).  The  read-out 
(sensing)  current  is  nominally  2 mA?  and  the  voltage  available  at  the 
fuse  is  about  2V,  so  the  minimum  resistance  for  a fuse  to  appear 
programmed  is  1000  ohms.  The  actual  read-out  current  sensitivity 
may  be  as  low  as  0.  5 mA,  corresponding  to  a fuse  resistance  of 
4000  ohms,  which  is  therefore  the  maximum  resistance  at  which  a 
fuse  may  appear  to  be  unprogrammed. 

Photographs  of  the  three  different  size  chips  and  the  individual  memory 
elements  on  each  chip  are  shown  in  Figures  3 and  4.  Note  the  openings  in 
the  passivation  glass  at  every  fuse  location  in  Figure  4. 

AVALANCHE-INDUCED  MIGRATION  (AIM)  MEMORY  ELEMENT 

A schematic  sectional  view  of  the  n-p-n  transistor  used  as  the  AIM 
memory  element  is  shown  in  Figure  5.  (The  vertical  scale  has  been 
exaggerated  for  clarity  in  this  drawing.  ) Programming  is  effected  by  passing 
a relatively  large  current  (200  mA)  through  the  transistor  with  the  emitter 
voltage  positive  with  respect  to  the  collector.  This  current  passing  in  the 
reverse  direction  through  the  emitter-base  junction  results  in  a permanent 
short  across  that  junction,  leaving  a p-n  (base-collector)  diode  at  that 
memory  location.  A small  sensing  current  (0.  5 mA)  is  passed  through  the 


1.  R.  C.  Smith,  S.  J.  Rosenberg,  C.  R.  Barrett,  "Reliability  Studies  of 
Polysilicon  Fusible  Link  PROM's,  " Proc,  IEEE  1976  Reliability  Physics 
Symposium  (IEEE,  NY,  1976),  p.  193. 
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Figure  5.  AIM  memory  element,  sectional  view, 

element  after  each  programming  pulse  in  order  to  detect  when  programming 
is  completed,  after  which  four  additional  programming  pulses  are  passed  to 
insure  permanent  programming.  Improper  programming  can  result  in 
shorting  the  base-collector  junction  as  well  as  the  emitter-base  junction, 
thereby  shorting  a row  of  the  memory  array  to  a column  of  the  array- and 
disabling  the  device. 

The  manufacturing  process  used  is  a standard  gold-doped  bipolar  TTL 
device  process  without  the  additional  thin  film  deposition  and  patterning  steps 
required  for  fusible  link  PROMs.  (Note  that  the  latter  devices  included  in 
this  study  use  Schottky  diodes  rather  than  gold  doping  to  obtain  high  speed 
transistors.  ) Two  levels  of  aluminum  metallization  are  used  in  order  to 
utilize  the  inherent  high  density  of  this  technology.  A phosphosilicate  glass 
film  is  used  between  the  two  A1  metallization  layers  and  as  a passivation  layer 
on  top  of  the  upper  layer.  Photographs  of  the  three  different  size  chips 
included  in  this  study  are  presented  in  Figure  6.  Individual  programming 
elements  on  each  chip  are  shown  in  Figure  7.  Details  of  this  technology  are: 

1 . Memory  element  configuration 


a , 

Spacing  of  transistors,  center-to-center 

1 8 pm 

b. 

Emitter  depth 

1.5  - 1. 

9 pm 

c . 

Base  thickness 

0.  3 - 1. 

0 pm 

d. 

Buried  collector  channel  width 

1 8 pm 
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l igure  7.  .'VIM  PROM  elements. 


e . 

Epita.xial  layer  thickness 

6 pm 

f. 

Size  of  collector  contacts 

12  X 25  pm 

g- 

Width  of  A1  conductors 

9 pm 

h. 

Base-emitter  junction  area 

(approx.  ) 

5x5  pm 

2.  Metallization  - Two  levels  of  aluminum  metallization  are  used, 
each  1 p.m  thick.  They  are  separated  by  70  nm  of  Si02,  plus  1 pm  of 
phosphorus-doped  Si02.  deposited  by  chemical  vapor  deposition  (CVD). 

3.  Passivation  Glass  - Military  AIM  devices  are  passivated  with  a 
1 pm  thick  CVD  overglass.  This  layer  is  a sandwich  structure, 
consisting  of  SiO^.  phosphorus -doped  Si02,  andSi02-  Sintering 
of  the  Al-Si  contacts  for  4 minutes  at  425c>C  is  performed  after  the 
passivation  is  deposited. 

4.  Die  Separation  - Scribing  and  breaking  are  used  to  dice  the  AIM 
PROM  wafers. 

5.  Memory  Element  Resistance  - The  resistances  of  unprogrammed 
elements  are  in  the  neighborhood  of  109  ohms.  Programmed 
junctions  have  a resistance  of  less  than  10  ohms. 

NICHROME  (NiCr)  FUSIBLE  LINK  TECHNOLOGY 

Nichrome  fuse  links  are  made  in  various  shapes,  as  shown  in  Figure  1, 
according  to  eacli  manufacturer ' s preference.  Variations  in  the  thickness 
and  Ni:Cr  ratio  of  the  nichrome  film  may  occur  among  manufacturers  and 
for  different  date  codes  of  the  same  manufacturer.  Due  to  the  long  interest 
in  electro- cor rosion  of  nichrome  films,  the  quality  of  the  passivation  glass 
has  received  particular  attention  in  these  devices.  Specific  information 
about  this  very  popular  PROM  technology  is  presented  below: 

1.  Field  Oxide  Thickness  - The  thermally-grown  Si  wafer  oxide 
coating  is  0.  6 - 0.  8 pm  thick. 

2.  Nichrome  Fuse  Dimensions  - In  the  neck  region  the  fuse  is  3.1  to 
5.  1 pm  wide.  The  fuse  itself  is  10  to  25  pm  long  and  the  NiCr 
fuse  material  is  15  to  25  nm  thick. 

3.  Nichrome  Deposition  Method  - No  metal  interface  material  is 
required  beneath  NiCr  to  improve  adhesion.  Thermal  evaporation 
is  used  to  deposit  NiCr  on  the  PROM  wafer,  followed  by  annealing 
at  elevated  temperature.  Actual  annealing  temperature  and 
duration  are  considered  proprietary  information  by  suppliers,  as 
this  process  is  used  to  provide  a homogeneous  distribution  of  nickel 
and  chromium  within  the  fuse  material  film,  thereby  reducing 
programming  problems.  Suppliers  use  crystal  oscillator  film  thick- 
ness monitors  for  controlling  NiCr  depositions. 


18 


4.  Nichrome  Film  Composition  - Sf>ectrographic  analysis  is  used  to 
verify  the  composition  of  the  nichrome  films.  One  supplier  using 
nichrome  fuses  states  that  the  most  stable  fuses  which  provide  the 
most  repjeatable  programming  results  are  those  made  of  approxi- 
mately 50  percent  Ni  and  50  percent  Cr.  The  exact  composition 
is  considered  proprietary  by  the  suppliers. 

5.  Fuse  Termination  Pads  - Aluminum  is  used  as  the  termination  pad 
and  conductor  material  contacting  each  end  of  the  nichrome  fuse 
link.  Termination  pad  thickness  is  approximately  I pm.  The  area 
of  conductors  making  contact  with  fuse  termination  pad  ends  is 
approximately  5 pm  x 6 pm.  No  information  is  available  on  the  con- 
tact resistance  between  the  aluminum  termination  pads  and  the 
nichrome  fuse  links. 

6.  Fuse  Overglass  - The  overglass  is  composed  of  phosphosilicate 
glass  (silox)  and  is  approximately  1 pm  thick.  The  fuse  overglass 

is  inspected  for  pinholes  following  completion  of  the  silox  processing. 
PROM  wafers  are  examined  under  a zoom  microscope  at  magnifica- 
tions of  more  than  lOOx.  In  general,  no  additional  tests  are  used 
to  ensure  overglass  film  integrity. 

7.  PROM  Die  Separstion  - Diamond,  laser  and  single-wheel  saws  are 
used  to  separate  wafers  into  PROM  dice. 

8.  Fuse  Programming  and  Test  - Fusing  temperature  in  the  fuse  "neck" 
region  has  been  calculated  at  approximately  1600°C,  which  is  several 
hundred  degrees  above  the  melting  point  of  this  material.  Fusing 
voltage  is  approximately  7 to  8 volts.  Fusing  current  densities  have 
been  estimated  at  2 - 5 x 107  A/cm^.  Every  PROM  device  is  tested 
at  both  the  wafer  and  die  level.  Test  fuses  permit  both  row  and 
column  checks. 

9.  Fuse  Resistance  Values  - Resistance  of  the  NiCr  film  centers  around 
100  ohms/square;  actual  fuse  values  are  between  300  to  500  ohms 
including  photolithographic  variations.  When  programmed  open, 

the  fuse  resistance  should  be  in  the  megohm  region  with  a workable 
minimum  down  to  around  4000  ohms. 

Photographs  of  the  nichrome  fuse  chips  and  memory  elements  included 
in  this  study  are  given  in  Figures  8 - 11. 
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PROM  CIRCUIT  DESCRIPTIONS 


The  circuit  design  and  layout  of  the  devices  are  described  in  this 
section.  This  information  is  useful  in  the  understanding  of  programming 
difficulties  and  performance  of  failure  analyses. 

VENDOR  X - 1024-BIT  DEVICE  (POLYSILICON) 

Read  Circuitry 

A skeletal  outline  of  the  circuit  schematic  for  this  device  is  shown  in 
Figure  12.  The  memory  is  organized  as  256  four-bit  words.  The  fuse 
matrix  is  partitioned  into  four  blocks  that  correspond  to  the  4 bits;  each 
block  contains  32  rows  and  eight  columns.  The  address  selection  scheme 
uses  one  transistor  per  fuse  location  with  the  fuse  in  the  emitter  circuit  of 
the  select  transistor.  The  collectors  of  all  the  select  transistors  are  con- 
nected in  common  to  the  Vqc  voltage  source. 

The  desired  4-bit  memory  word  is  addressed  by  selecting  the  required 
row  and  column  in  each  of  the  four  blocks.  The  proper  row  is  selected  by 
turning  on  one  of  the  32  row  drivers.  Each  row  driver  is  connected  by  a 
common  bus  to  the  bases  of  all  the  select  transistors  in  that  row  and,  if 
selected,  provides  base  drive  to  eight  select  transistors  in  each  block.  The 
row  drivers  have  the  character  of  an  AND  gate.  The  true  and  inverse 
functions  of  address  inputs  A3  through  Ay  are  generated  by  five  address 
buffers  and  are  connected  in  various  combinations  to  the  row  driver  inputs  to 
form  a row  select  matrix. 

Column  selection  is  performed  in  a similar  manner.  Address  inputs 
Aq  through  A2  are  connected  through  input  buffers  to  another  AND  matrix 
to  select  one  of  eight  column  drivers.  Each  column  driver  is  connected  to 
the  bases  of  four  column  select  transistors,  one  in  each  bit  block,  which  form 
a series  connection  between  the  fuses  on  those  columns  and  the  sense 
amplifiers. 
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Thus,  one  fuse  in  each  bit  block  is  selected  for  interrogation  by  pro- 
viding base  drive  to  the  associated  select  transistor  (row  select)  and  at  the 
same  time  connecting  the  lower  end  of  the  fuse  to  the  sense  circuit.  If  the 
fuse  has  not  been  opened  by  programming,  current  will  flow  from  the  ^ 
node  and  the  input  voltage  of  the  sense  amplifier  will  rise.  If  the  sense 
amplifier  has  been  activated  via  the  chip  select  input,  a low  voltage  state  will 
occur  at  the  output  pin  because  of  the  inverting  nature  of  the  sense  circuit. 

Programming  Circuitry 

The  method  used  to  route  programming  current  to  the  desired  fuse 
location  is  similar  to  that  used  in  read  operation.  The  row  and  column  select 
circuitry  is  essentially  the  same  in  both  cases.  Some  additional  circuitry  is 
em.ployed  to  accommodate  the  increased  current  required  during  programming. 
A Darlington  switch  is  employed  to  provide  a low  impedance  path  to  ground 
for  the  programming  current,  thus  shunting  the  input  of  the  sense  amplifier 
which  is  switched  to  a high  impedance  during  programming.  This  switch  is 
controlled  by  a zener  diode  connected  to  the  sense  amplifier  output  terminal. 
During  programming,  the  bit  required  to  be  programmed  is  selected  by 
raising  the  corresponding  output  pin  to  approximately  8 volts  by  connecting  it 
via  300  ohms  to  V^,^.  This  overcomes  the  zener  potential,  turns  on  the 
Darlington  switch,  and  provides  the  necessary  low  impedance  shunt  path.  For 
the  remaining  three  unselected  bits,  the  high  input  impedance  of  the  sense 
amplifier  restricts  the  current  flow  to  a value  below  that  required  for 
programming. 

Another  operation  performed  during  the  programming  operation  is  to 
raise  the  voltage  level  of  the  pin  to  10  volts.  The  effect  of  this  operation 
is  to  increase  the  drive  to  the  various  selection  circuits  to  accommodate  the 
high  programming  current.  This  is  accomplished  not  only  by  the  increased 
bias  level,  but  also  by  disabling  internal  safeguard  circuits  which  limit  the 
interrogation  currents  to  a safe  level  during  read  operation. 

The  actual  programming  pulse  is  supplied  to  the  CS^  pin.  A 15-volt 
pulse  impressed  on  this  pin  is  transmitted  via  a diode  OR  circuit  to  the  col- 
lector busses  of  the  selection  transistors.  Then  the  necessary  bias  to  assure 
an  adequate  programming  current  is  provided. 
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Test  Circuitry 


Examination  of  the  chip  reveals  that  an  extra  row  and  column  of  fuses 
and  associated  selection  circuits  are  provided  on  the  chip.  These  were 
included  by  the  vendor  as  a quality  control  feature  so  that  the  programming 
characteristics  of  the  chip  could-be  measured  without  destroying  fuses  in 
the  main  memory  matrix. 

VENDOR  X - 2048  AND  4096-BIT  DEVICES  (POLYSILICON) 

The  general  design  approach  for  these  devices  is  the  sam  as  that 
described  for  the  1024-bit  device  in  the  previous  paragraphs.  The  prim  ijjal 
differences  are  in  the  organization  for  greater  capacity,  a few  circuit  design 
i hanges,  and  the  addition  of  a power  switching  feature. 

The  sense  amplifier  in  these  devices  is  non- inve rt ing , so  that  a pro- 
grammed bit  results  in  a low  level  output.  An  additional  voltage  clamping 
circuit  on  the  column  busses  has  been  added  which  operates  during  the  read 
mode.  The  2048-bit  devity  is  organized  into  512  word.s  of  4 bits  each,  so 
that  64  row  select  drivers  are  required.  The  4096  bit  device  is  organized  as 
512  .X  8,  so  that  8 bit  blocks  (64  x 8)  were  required.  The  power  switching 
feature  added  to  both  of  these  devices  (available  as  an  option)  consists  of  a 
switch  controlled  by  the  chip  select  inputs  which  reduces  the  required  power 
supply  current  in  the  deselected  mode. 

VENDOR  B (NICHROME) 

An  outline  of  the  circuit  design  of  the  1024-bit  vi'rsion  of  these  devices 
was  presented  in  the  Final  Report  of  an  earlier  study-  under  the  lallout  of 
Vendor  B.  The  2048-  and  4096-bit  versions  follow  the  same  design  philosophy 
with  the  organization  expanded  to  accommodate  the  increased  capacity. 


2.  Reliability  Evaluation  of  Programmable  Read-Only  Memories,  Final 
Technical  Report,  RADC-TR-75-278,  Hughes  .Aircraft  Company  for 
Rome  Air  Development  Center,  February  1076,  (A022667)  . 
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The  2048-bit  device  is  organized  ;nto  512  words  ol  4 bits  eai  h.  The  word 
decode  is  methanized  with  32  row  decoders  and  16  column  decoders.  It  the 
chip  is  oriented  with  pin  1 at  the  upper  left,  the  top  row  and  right-most 
column  contain  extra  fuses  for  testing.  The  4096-bit  device  used  in  this 
study  is  organized  as  512  words  of  8 bits  each,  using  64  row  decoders  and 
eight  column  decoders.  The  extra  test  row  is  at  the  top,  and  t\vo  extra  test 
columns  are  included  in  the  extreme  left  and  right  positions. 

VENDOR  A (NICHROME) 

This  vendor  has  performed  a major  redesign  of  his  FROM  line  sim.  <■ 
the  earlier  study.  However,  schematics  for  the  new  design  were  considered 
proprietary  by  the  vendor  and  were  not  made  available  for  this  study. 

VENDOR  Y (AIM) 

The  circuit  principles  outlined  for  the  1024-bit  device  in  the  Final 
Report  of  an  earlier  study^  under  the  callout  of  Vendor  D are  generally 
applicable  to  the  larger  capacity  devices.  Some  differences  exist  in  the 
chip  enable  and  pr'-gramming  SCR  control  circuits.  The  2048-bit  device 
is  organized  into  512  words  of  4 bits  each.  The  word  decode  is  mechanized 
with  32  row  decoders  and  16  column  decoders.  With  pin  1 at  the  top,  the 
two  top  rows  contain  extra  test  memory  elements.  The  4096-bit  device  is 
organized  into  512  words  of  8 bits  each.  The  word  decode  is  mechanized 
with  64  row  decoders  and  eight  column  decoders.  Again  the  top  two  rows 
j are  added  for  testing. 

[ 


4.  PlKX'.KAMMlNC'i 


i.n  programming  the  devices  to  be  used  in  thi'  hie  tests,  a eari'ful  etlort 


was  made  to  closely  adhere  to  the  vendor's  programming  recommendations, 
except  when  the  programming  amplitude  was  deliberately  reduced  to  obtain 
long  blow  times.  The  pulse  conditions  are  summarized  in  Table  3.  The 
detailed  programming  procedures  are  contained  in  Appendix  ill.  The  pulse 
parameters  were  verified  during  actual  device  programming  using  a storage 
oscilloscope.  Currents  were  monitored  with  a DC  current  p Since  a slow 

mechanical  printer  was  used  to  record  the  number  of  pulses  required  for  pro- 
gramming, the  programming  rate  u'as  slow  and  low  chip  temperatures  resulted. 
Reverification  was  performed  after  programming  when  the  devices  had 
returned  to  room  temperature. 

Occasional  checks  of  the  programming  current  waveforms  (or  voltage 
waveforms  in  the  case  of  the  devices  programmed  with  a current  pulse)  were 
made.  . DC  current  probe  and  a storage  oscilloscope  were  used  in  an 
effort  to  detect  any  anomalous  behavior.  The  waveforms  seemed  well 
behaved,  and  the  current  transients  due  to  internal  junction  breakdowns 
experienced  in  an  earlier  study^  were  not  observed.  The  impression  vv^as 
that  significant  design  or  processing  improvements  have  been  made  since 
the  earlier  study.  It  may  be  that  special  techniques  to  avoid  yield  loss  due 
to  internal  breakdowns,  such  as  slowing  the  risetime  or  stair-stepping  the 
pulse  amplitudes,  will  be  unnecessary  in  the  future.  It  should  be  noted  that 
slowing  the  rise  time  may  be  desirable  for  other  reasons,  such  as  control 


of  the  energy  flow  to  the  fuse  and  to  assure  blowing  during  the  rise  time, 
as  some  proponents  recommend. 

Several  vendors  have  recommended  significant  changes  in  their  pro- 
gramming procedures  since  the  earlier  study.  The  procedures  of  Vendor  A 
are  entirely  different  because  of  a major  redesign.  In  1975,  Vendor  11  inlro- 
duced  a sawtooth  pulse  technique  with  the  pulse  amplitude  stair  stepped. 

I According  to  the  stairstepping  recommendation,  pulses  1 through  3 should 
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be  at  the  lowest  amplitude;  4 through  6 at  an  intermediate  amplitude;  and 
7 through  9 at  the  highest  amplitude.  This  multiple  pulse  technique  is 
designed  to  optimize  yield  in  commercial  applications.  However,  the  tuse 
is  designed  to  blow  in  an  abrupt,  rather  than  gradual  fashion,  as  in  the  lase 
of  those  of  \ i-ndors  X and  Y.  so  that  multiple  pulses  are  not  a neiessitv. 
Vendor  B affirms  that  single  pulse  programming  is  a practical  aiqiroach 
with  their  de\ices. 

Current  waveforms  for  programming  Vendor  X polysilicon  fuse  PROMs 
were  studied.  Voltage  pulses  were  applied  to  both  the  V^.^,  an  hip  Select 
pins.  The  programming  current  flows  through  the  Chip  Select  pin  to  the 
fuse.  Programming  requires  a long  series  of  1 to  8 ps  pulses,  f.ach 
success  ve  pulse  changes  the  resistance  characteristics  of  the  fuse  by  an 
increment.  The  current  waveform  through  the  Chip  Select  pin  changes  from 
pulse  to  pulse  as  shown  in  Figure  13.  The  reason  for  the  changes  in  current 
waveform  in  this  manner  is  unknown  at  this  time. 

Vendor  X (Polysilicon)  is  at  present  introducing  a major  programming 
algorithm  change.  In  an  earlier  change,  the  ove  r prog  ramming  time  (time 
that  the  pulse  train  is  applied  after  output  voltage  reversal  is  first  detected) 
was  increased  to  500  ps.  The  latest  revision  calls  for  the  following  clianges: 

1.  Overprogramming  is  now  Z.  5 ms  of  DC  voltage,  rather  than  500  ps 
of  pulsed  voltage. 

2.  1 he  pulse  width  is  now  initially  0.2  ps,  increasing  linearly  to  a 
m.iximum  of  8 ps  over  a period  of  from  120  to  220  ms. 

3.  A constant  down  time  of  10  ps  between  programming  pulses  is 
now  specified,  rather  than  a 50  percent  duty  cycle. 

4.  The  data  interrogation  strobe  should  occur  near  the  end  of  the 
down  time. 

These  changes  (Vendor  X)  were  announced  too  late  to  be  used  in  the  life  test 
programming. 

The  programming  procedure  recommended  by  Vendor  Y (AIM  de\ii<  ) 
remains  unchanged,  utilizing  a 75  percent  duty  cycle  pulse  train.  During 
the  down  time  between  programming  pulses,  a special  verification  proc  edure 
is  instituted,  involving  the  injection  of  a 20  mA  interrogation  current  into  tin- 
appropriate  output  pin  and  measuring  the  resulting  output  pin  voltage.  Phis 
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technique  differs  froni  the  more  usual  technique  of  sensing  the  stntt'  ol  llie 
programmable  element  through  the  on-chip  sense  circuitry  in  that  tliis  sense 
circuitry  is  bypassed  and  a nearly  direct  measurement  of  the  element 
impedance  is  made.  This  permits  detection  of  an  incompletely  programmed 
element  whose  presence  might  be  concealed  by  the  nonlinear  characteristics 
of  the  sense  amplifier. 

A brief  experiment  was  conducted  to  learn  something  of  the  programming 
characteristics  of  the  nichrome  link  devices  and  their  response  to  single 
pulse  programming.  Three  samples  from  each  (IK,  2K  and  4 jitl  capacits 
from  both  vendors  A and  B were  used.  The  object  of  the  experiment  was  to 
compare  the  programming  yields  for  the  application  ot  a single  pulse  of  10  ps 
versus  a single  pulse  of  100  ps.  A sample  Size  of  29  fuses  for  each  attempt  was 
scattered  through  the  fuse  matrix.  It  was  found  that  a 10  ps  pulse  was 
adequate  to  successfully  program  nearly  all  of  the  devices.  The  exception 
was  a 1024-bit  device  in  which  one  fuse  out  of  29  refused  to  program  in  both 
the  10  ps  and  100  ps  attempts.  Both  of  these  fuses  were  found  to  lie  on  the 
same  row  in  the  matrix.  Other  fuses  in  the  same  row  also  refused  to  program 
in  100  ps.  It  appeared  in  this  case  that  the  problem  lay  in  the  row  select 
circuitry. 

In  this  very  limited  experiment  it  was  shown  that  in  the  best  of  conditions, 
the  fuses  open  very  rapidly  (less  than  10  ps)  but,  if  a defect  exists,  the 
programming  time  is  extended  considerably. 

Table  4 presents  the  distribution  of  bits  as  a function  of  the  number  of 
pulses  required  to  program  them.  Approximately  ten  IK.  ten  2K  and  fi^•e  4K 
devices  were  utilized  for  each  of  the  four  vendors.  The  figures  in  this  table 
indicate  that  most  of  the  bits  can  be  programmed  within  the  first  ten  pulses. 

The  counting  scheme  devised  did  not  provide  sufficient  resolution  to  lategorlzc- 
the  bits  below  ten  pulses.  For  the  nichrome  fuses  programmed  with  vendor 
recommended  methods,  87  percent  of  the  fuses  and  77  percent  of  the  dc\n  c.s 
were  programmed  with  10  pulses.  Those  fuses  that  would  not  program  within 
10  pulses  were  distributed  in  all  of  the  ten  2K  devices  of  vx'ndor  H and  in  one 
4K  device  of  the  same  vendor. 
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TABLE  4.  DISTRIBUTION  OF  NUMBER  OF  BITS  PROGRAMMED  WITH  VENDOR 
RECOMMENDED  METHODS  AS  A FUNCTION  OF  PULSES  TO  PROGRAM 
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Vendor  X's  2K  devices  also  behaved  differently,  but  in  the  otlier 
direction,  i.  e.  , they  tend  to  be  programmed  with  fewer  pulses  than  the  H\ 
and  4K  devices. 

Although  some  bits  refused  to  be  programmed,  the  number  of  devic  es 
used  in  this  study  was  insufficient  for  drawing  conclusions  on  programming 
yield. 

A survey  was  then  made  among  PROM  users  throughout  the  industry 
concerning  their  experience  with  the  devices.  A questionnaire  was  circ  ulated 
asking  the  part  type  and  quantities  used,  percent  chip  usage,  gle  or 
multipulse  programming,  programming  yield,  burn-in  and  test  experience, 
and  field  experience.  A copy  of  the  survey  form  is  shown  in  Appendix  I. 

The  res'onse  is  summarized  in  Table  5.  Some  additional  test  and  failure 
information  was  collected,  and  is  presented  in  the  section  under  Burn-in 
and  Life  Tests. 

It  appears  that  the  industry  has  been  experiencing  a programming  yield 
of  90  to  98  percent  for  IK  and  2K  devices.  One  source  with  a very  limited 
number  of  devices  programmed  indicated  that  for  one  vendor  the  cliange  of 
programming  yield  from  multipulses  to  single  pulse  was  from  80  percent  to 
50  percent.  However,  another  vendor's  product  programmed  by  the  same 
user  showed  an  89  percent  yield  for  single  pulse  programming. 


TABLE  5.  USER  PROGRAMMING  YIELD  DATA 


5.  MKMORY  I';Li';MKN'I  PROGRAMMING  MECHANISMS 


POLYSILICON  FUSE  PROGRAMMING  MECHANISM 

The  structure  of  the  memory  elements  in  the  polycrystalline  fuse  PROM 
is  similar  to  nichrome  fuses,  as  was  described  in  Section  2,  Due  to  the 
absence  of  overglass  passivation  on  the  polysilicon  fuse  element  and  a thick- 
ness more  than  ten  times  greater  than  the  nichrome  film,  the  appearance 
of  a programmed  polysilicon  fuse  is  considerably  different  from  that  of  a 
programmed  nichrome  fuse.  When  the  programming  conditions  recommended 
by  the  manufacturer  are  used,  most  of  the  fuses  are  programmed  in  about 
2 ms.  Examination  of  these  fuses  in  a scanning  electron  microscope  (SEM) 
revealed  that  they  appear  to  have  been  melted  in  the  middle.  They  typically 
have  two  rounded  lumps  near  the  middle,  as  shown  in  Figure  14a,  with  a gap 
on  the  emitter  (positive)  side's!  the  lumps.  When  the  programming  current 
is  reduced  to  obtain  long  fusing  fimes,  the  appearance  of  the  fused  gaps  is 
different.  Several  small  lumps  and  a narrower  gap  occur,  as  shown  in 
Figure  14b-d.  The  change  from  a few  large  lumps  to  several  small  lumps 
occurred  between  fusing  times  of  12  and  29  rns  on  the  1024-bit  sample  that 
was  tested,  as  shown  in  Figure  14. 

Under  reduced  programming  current,  the  maximum  fusing  time  observed 
was  17.4  s.  However,  a few  fuses  had  not  blown  after  the  maximum  time 
allowed,  40  seconds.  After  etching  away  the  oxide,  these  unblown  fuses  did 
not  show  any  change  in  appearance  of  their  surfaces  in  the  SEM  but  did 
appear  darker  in  the  middle  of  the  fuse.  This  may  have  been  caused  by  etching 
a vay  of  the  '^’’der  the  fuses  that  were  heated  but  not  fused,  therefore, 

a change  in  the  polysilicon-SiO^  interface  may  result  from  that  heating. 
Unprogrammed  fuses  appeared  uniform  across  the  fuse. 

The  use  of  a glass  etchant  on  programmed  polysilicon  fuse  samples  does 
not  remove  the  lunips  formed  near  the  middle  of  the  fuse,  as  shown  in 
Figure  15.  Even  the  smallest  lumps  on  this  slowly  blown  fuse  were  not 
changed  by  the  selective  oxide  etchant,  although  some  oxide  appeared  to  have 
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boon  roniovod  from  tho  gap.  Thoroforo  tho  hinips  must  bo  Si,  not  oxido. 

Thoir  sizos  appi'ar  commonsurato  with  thi  polysilicon  lost  from  the  gap  and 
othi-r  thinnod  aroas  of  tho  fnsos. 

Additional  information  on  thi'  programming  mechanism  of  polysilicon  fasi'S 
was  obtained  from  transmission  electron  micr-oscopc  (TEM)  photographs  of  a 
PROM  programmed  under  tho  conditions  recommended  by  the  manufacturer. 

A summary  of  the  seven  fuses  that  were  examined  in  detail  is  presented 
in  Table  6 and  four  of  the  photographs  are  reproduced  in  Figures  16-19. 

Figure  16  shows  a blown  fuse  similar  to  the  one  shown  in  the  SEM  photo  of 
Figure  14a.  The  effects  of  programming  only  appear  near  the  neck  of  the 
fuse.  The  material  in  the  gap  is  presumed  to  be  SiO^  formed  before  and  during 
programming,  since  some  material  observed  there  in  the  SEM  photos  was 
removed  by  a selective  oxide  etchant  (see  Figure  15).  There  may  also  be 
some  thin  silicon  extending  into  the  gap.  The  fuse  link  shown  in  Figure  17 
also  has  changed  only  at  the  neck.  Only  one  large  lump  appears  there  and  it 
is  directly  over  the  possible  gap  in  the  fuse.  A narrow  crack  in  the  grey  gap 
region  is  visible  in  the  original  negative  on  both  sides  of  the  lump. 

The  crack  in  the  thin  region  of  a fuse  link  is  more  visible  in  TEM  photo 
number  73,  Figure  18.  These  cracks  are  believed  to  result  from  the  stress 
caused  by  the  difference  in  thermal  expansion  coefficients  of  Si02  and  the  Si 
chip  during  cooling  after  programming.  The  apparent  physical  discontinuity 
in  this  fuse  is  not  at  the  narrowest  part  of  the  fuse.  This  is  the  situation 
observed  in  the  majority  of  the  polysilicon  fuses  examined.  Also  typical  is 
the  extensive  effect  of  programming,  which  seems  to  have  thinned  and/or  pro- 
duced grain  growth  over  the  full  length  of  the  fuse.  Another  example  of 
extensive  programming  changes  is  shown  in  the  fourth  TEM  photo,  Figure  19. 
Note  the  longitudinal  grain  boundary  where  transverse  twins  terminate  on 
the  end  of  the  fuse  at  the  top  of  the  figure  and  the  cresent  - shaped  dark  region 
on  the  other  end  of  the  fuse.  The  latter  is  a common  feature  in  the  TEM 
photos,  as  indicated  in  Table  6,  although  not  discernable  in  the  other  photos 


The  sample  was  prepared  by  M.  Fukuda  and  O.  Manuel  and  analyzed  under 
the  direction  of  W.  K.  Jones  of  the  Charles  Stark  Draper  Laboratory. 
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TABLE  6.  SUMMARY  OF  TRANSMISSION  ELECTRON  MICROGRAPHS  OF  POLYSILICON 
FUSE  LINKS  PROGRAMMED  UNDER  CONDITIOxNS  RECOxMMENDED 
BY  THE  MANUFACTURER 
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shown  horo.  IhiTo  >irr  sonio  short  cracks  in  the  "gap"  in  figure  19  but  they 
do  not  extend  the  full  width  of  the  fuse  as  does  the  one  in  Figure  18.  In  all 
lour-  ol  the  11'. M photos,  the  physical  "gap  " (where  there  is  no  sign  of 
polysilieon)  is  s ii  r p r i s i ng  1 v nai-row  at  its  niir  rrum  width,  although  thinning 
has  usually  occurred  over  a large  portion  of  the  fuse. 

The  electrical  resistances  of  blow'n  fuses  (not  those  show'n  in  the  TEM 
photos)  were  measured  with  needle  probes  and  a Tektronix  Type  576  Curve 
Iracer.  The  results  are  summarized  in  Tables  7 and  8.  Samples  1-4 
were  programmed  under  the  conditions  recommended  by  the  manufacturer 
and  samp.e  D was  programmed  under  various  conditions,  including  those 
recomm  -nded  by  the  manufacturer.  The  memory  element  sensing  current 
is  nominally  L niA  and  about  2 V is  available  across  the  fuse,  so  a fuse 
with  a resistance  of  1000  ohms  or  less  would  appear  to  be  unprogrammed. 

Of  the  5 7 blown  fuses  measured  on  the  five  samples,  three  had  resistances 
of  less  than  1000  ohms.  The  minimum  resistance  measured  was  224  ohms, 
which  is  about  four  tinies  the  average  resistance  of  the  unblow-n  fuses  measured 
on  the  same  sample  (number  3,  see  Table  2).  On  sample  2,  the  minimum 
resistance  of  275  ohms  is  only  2,75  times  the  average  unblown  fuse  resistance. 
Ihe  low  resistances  are  unexplainable  as  many  things  could  have  happened 
during  de-lidding  and  probing. 

The  7b0  ohm  fuse  on  sample  4 was  indicated  as  programmed  in  3.  7 ms 
but  after  programming  it  was  indicated  to  be  unprogrammed  when  the  device 
was  read  out  (verified).  When  this  fuse  was  examined  with  the  SEM,  as  shown 
in  Figure  20,  prominent  lumps  indicated  that  it  had  been  programmed  but 
etching  did  not  re\-eal  a v\'ell -defined  gap  in  the  fuse.  By  applying  V„  to  the 
chip  and  addressing  the  bit  of  interest,  a voltage  difference  was  established 
across  the  fuse.  With  the  energy  of  the  SEM  beam  reduced,  the  effect  of  the 
circuit  \oltagi'S  on  the  secondary  electrons  was  increased  so  that  the  location 
of  the  electrical  break  in  the  fuse  could  be  identified.  This  is  illustrated  by  the 
Second  photo  in  i igure  20,  taken  with  an  electron  beam  energy  of  2 keV  and 
a lower  magnification.  An  electrical  discontinuity  is  visible  on  the  right-hand 
side.  From  the  appearance  of  this  fuse,  it  is  not  surprising  that  its  resistance 
is  low  enough  for  it  to  register  as  unprog  ranimed.  However,  other  fuses  on 
the  sam<-  device  with  similar  appearances  had  resistances  of  4 megohms  or 
la  rge  r. 
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Verification  after  programming  indicated  not  blown.  SEM  analysis  indicated  only  partially  bio 
See  Table  8 for  more  details  on  sample  4. 


TABLE  8.  OBSERVATIONS  ON  BLOWN  POLYSILICON  FUSES,  1024-BIT  PROM,  SAMPLE  4 


b.  Volta, m'  (.ontrast 


l-'imu'i'  20.  Imonipli’t  cly  IjIovmi  lust 
polyi  ry  slal  line  silitDn  1*RC),\1  sanipl 
( l''visin,it  liiiii'  3.7  ins) 


I'hi'  fvisnig  tiiTu“  data  prasentt'd  in  Table  7 for  samples  4 and  D indicate 
that  open  circuit  fuses  (resistances  >10^  ohm  | were  produced  with  almost 
the  full  range  of  fusing  times.  There  is  no  significant  correlation  between 
fusing  time  and  fuse  resistance  in  these  data.  Therefore,  low  resistance 
[jolysilicon  fuses  cannot  be  detected  from  fusing  time  measurements  and 
verification  after  programming  is  required  to  detect  such  faults.  However, 
there  is  a little  circumstantial  evidence  that  long  fusing  times  are  undesirable 
from,  the  reliability  standpoint,  as  is  discussed  in  Section  6 of  this  report. 

The  polysilicon  lumps  that  form  on  one  side  of  the  gaps  of  programmed 
fuses  are  always  on  the  side  connected  to  the  column  bus,  (The  other  end 
of  each  fuse  is  connected  to  the  emitter  of  the  npn  transistor  in  each  memory 
cell.  ) The  column  bus  is  negative  with  respect  to  the  emitter  during  pro- 
gramming (and  sensing),  so  the  formation  of  the  lumps  appears  to  be 
influenced  by  the  electric  field  across  the  fuse  during  programming.  This 
would  be  expected  if  the  power  dissipated  in  the  fuse  during  programming 
is  sufficient  to  heat  the  polysilicon  to  its  melting  point,  1420°C,  since 
positive  ions  are  responsible  for  viscous  flow  and  diffusion  in  liquid  metals. 
Melting  is  also  indicated  by  the  appearance  of  the  fuses  in  the  SEM  and  TEM, 
which  usually  show  thinned,  depleted  areas  on  the  emitter  side  of  the  gap  and 
smoothly  rounded  lumps  on  the  other  side  of  the  gap,  near  the  narrowest 
part  of  the  fuse  link. 

The  programming  mechanism  of  polycrystalline  silicon  fuse  PROMs  first 
involves  joule  heating  of  the  fuse  by  the  programming  current,  for  which  the 

current  density  at  the  narrowest  part  of  the  fuse  is  nominally  30  mA/(2  pm  x 

6 2 4 5 

0.  35  pm)  = 4 X 10  A/cm  . According  to  estimates  by  the  manufacturer, 

this  is  sufficient  to  raise  the  temperature  of  the  center  of  the  fuse  to  about 

1400  ^0  and  melt  the  polysilicon.  The  surface  tension  of  the  molten  silicon 

3 

W.  lost.  Diffusion  in  Solids , Liquids,  Gases,  third  printing  (Academic 
Press,  NY,  I960),  p.  470, 

4 

G,  Parker,  .I.Gornet,  \V.  Pinter,  "Reliability  Considerations  in  the  Design 
and  Fabrication  of  Polysilicon  Fusable  Link  PROMS,"  Proc.  IEEE  1974 
Reliability  Physics  Symposium  (IEEE,  NY,  1974),  pp.  88-89. 

"’B.Pascoe,  "Polysilicon  Fuse  Bipolar  PROMs",  Intel  Reliability  Report 
RR-8  (Intel  Corp,  , October  1975). 
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forms  it  into  one  or  more  droplets  there,  leaving  thinned  regions  on  both 
sides  of  the  center.  Simultaneously,  migration  of  Si  occurs  under  the 
influence  of  the  electric  field,  which  acts  upon  the  positive  ions  in  the 
molten  Si,  and  the  thermal  gradients  across  the  fuse.  On  the  negative 
side  of  the  droplets,  migration  under  both  influences  occurs  from  the 
droplet,  toward  the  cool  end  of  the  fuse,  which  tends  to  extend  the  drop- 
lets in  that  direction.  However,  on  the  positive  side,  migration  of  molten 
Si  under  the  electric  field  influence  occurs  toward  the  central  droplets  from 
the  thin,  now  hotter  area  between  the  droplets  and  the  emitter  contact. 

Silicon  also  migrates  from  that  region  toward  the  cooler  emi^^er  contact 
under  the  influence  of  the  thermal  gradient,  which  may  produce  the  cres- 
cent of  thicker  material  observed  in  the  TEM  photos  on  the  emitter  ends 
of  most  of  the  fuses.  The  consequent  depletion  of  Si  between  the  emitter 
contact  and  the  central  droplets  soon  results  in  opening  tlie  fuse  link  there, 
which  interrupts  the  electric  current.  The  polysilicon  then  cools  rapidly 
as  a result  of  thermal  conduction  to  the  underlying  SiO^  and  Si  and  to  the 
metallization  at  the  ends  of  the  fuse. 

The  final  opening  of  the  thinned  polysilicon  fuse  link  may  result  from  the 
surface  tension  of  the  liquid  polysilicon  sheet,  as  appears  to  be  the  case  for 
nichrome  fuse  links,  from  formation  of  voids  by  Si  migration,  or  from 
oxidation  of  the  remaining  polysilicon.  No  artifacts  similar  to  those 
seen  in  nichrome  fuse  gaps,  such  as  periodic  fingers  or  droplets,  ’ 'arc 
seen  here  so  the  physical  effects  of  surface  tension  and  viscosity  do  not 
appear  to  play  as  significant  a role  with  polysilicon  fuses.  Chemical  change 
by  oxidation  is  not  important  for  NiCr  fuses,  which  are  protected  by  an  over- 
glass  layer.  Although  the  polysilicon  fuse  PROMs  that  were  tested  had  a 
phosphosilicate  glass  passivation  layer  (see  Section  2),  openings  arc  etched 

^G.  Kenney,  W.  K.  Jones,  R.  Ogilvie,  "Fusing  Mechanism  of  Nichrome- 
Linked  Programmable  Read  - Only  Memory  Devices,"  Proc.  IEEE  1976 
Reliability  Physics  Symposium  (IEEE,  NY,  1976),  p.  164. 

^G.B.  Kenney,  "The  Fusing  Mechanism  of  NiCr  Resistor  s in  Programmable 
Read  - Only  Memory  Devices,"  BS-MS  thesis  submitted  to  Dept,  of  Materials 
Science  and  Engineering,  MIT,  June  1975. 
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in  this  layt'r  over  the  chip  l>onding  pads,  as  usual,  anil  also  over  ovri'v 
polysiUcon  fuse  element.  The  latter  openings  were  reportedly  added  alter 
fusing  difficulties  were  encountered. 

Removing  the  overglass  would  have  at  least  two  benefits:  Less  energy 
would  be  required  to  heat  the  fuse,  since  less  mass  is  in  contact  with  it, 
and  the  free  surface  would  allow  fast  migration  of  the  polysilicon  material 
to  open  the  desired  gap  in  the  fuse.  In  addition,  oxidation  could  occur. 

The  SEM  photos  of  etched  polysilicon  fuses  (Figure  15  et  al.  ) show  that  some 
SiO^  does  form  at  the  gap  of  these  fuses,  so  oxidation  appears  to  take  place 
in  the  last  phase  of  programming  these  fuses.  However,  one  supplier  of 
this  type  PROM,  whose  parts  were  not  included  in  this  study,  was  said  to 
have  successfully  used  nitrogen  to  fill  the  package  instead  of  oxygen,  so 
oxidation  is  probably  not  essential  to  the  programming  of  polysilicon  fuses. 

The  physical  changes  due  to  surface  tension  and  void  formation  will  suffice 
if  oxidation  does  not  occur  first.  (Note  that  formation  of  SiO^  at  the  gap 
would  provide  protection  against  shorting  by  particles  in  the  package,  a 
possible  advantage  for  reliability.  ) 

AIM  MEMORY  ELEMENT  PROGRAMMING  MECHANISM 

The  avalanche-induced  migration  (AIM)  memory  element  is  an  npn  tran- 
sistor without  a base  connection,  as  described  in  Section  2.  Programming  is 
effected  by  applying  pulses  of  200  mA  and  7.  5 ps  long  across  the  tran- 
sistor, with  the  pulse  polarity  such  that  the  e-b  junction  is  reverse  biased  and 
the  b-c  junction  is  forward  biased.  After  each  programming  pulse,  the  element 
is  sensed  with  a current  of  20  mA  to  see  if  the  e-b  junction  is  shorted.  In  the 
tests  conducted,  less  than  32  pulses  were  required  for  programming  under 
the  conditions  recommended  by  the  manufacturer.  After  the  sense  pulse 
indicates  the  location  is  programmed,  four  more  200  mA  pulses  are  applied, 
according  to  the  manufacturer's  recommendations,  in  order  to  insure  per- 
manent shorting  of  the  e-b  junction.  (The  use  of  post-programming  pulses 
sometimes  results  in  shorting  of  the  b-c  junction  as  well,  which  disables  the 
device.  Thus  additional  pulses  might  decrease  the  programming  yield). 
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After  thi'  memo ry  eli'nients  have  been  programmed,  no  evidence  of 

programming  is  detectable  with  either  visible  light  or  electron  beam  (SEM) 

micrography.  However,  after  the  glass  and  aluminum  films  are  removed  by 

chemical  etching,  lumps  are  seen  on  the  emitter  contacts.  In  the  earlier 

9 

evaluation  of  PROMs  by  Hughes  Aircraft  Company  for  RADC,  these  artifacts 
were  shown  as  light  spots  in  SEM  and  optical  photos.  SEM  photos  made  during 
this  program  clearly  show  these  light  spots  to  be  lumps  of  etch- resistant 
material,  1-2  pm  in  diameter,  as  shown  in  Figure  21.  The  dark  features 
in  the  emitter  contact  window  are  normal  A 1-Si  alloying  pits.  We  found  lumps 
when  either  NaOH  solution  or  a mixture  of  phosphoric  and  nitric  acids  was 
us-  d to  remove  the  A1  metallization. 

Energy  dispersive  analysis  of  Xrays  (EDAX)  in  the  SEM  indicated  the 
presence  of  Si  and  perhaps  A1  in  these  lumps.  EDAX  of  the  aluminum 
emitter  contacts  on  programmed  junctions  after  only  the  passivation  glass 
was  renioved  failed  to  show  any  Si-rich  areas  in  the  A1  contacts. 

A similar  lump  on  an  AIM  emitter  contact  is  shown  in  the  report  by 

g 

Brockhoff.  These  lumps  resemble  the  "sintering  residues"  that  were 
found  by  McCarthy^^  on  (100)  Si  surfaces  after  removing  the  A1  film  by 
etching.  The  electron  diffraction  pattern  of  one  of  those  particles  was 
reported  to  show  a crystalline  structure  close  to  that  of  Si. 

The  white  lumps  on  the  AIM  devices  appear  to  be  caused  by  diffusion  of 
Si  into  the  A1  film  that  contacts  the  emitter  during  programming.  The 
resulting  Al-Si  mixture  is  quickly  quenched  at  the  end  of  the  programming 
pulse,  resulting  in  a Si-rich  region  that  etches  slower  in  an  A1  etchant  than 
does  the  surrounding  Al.  (The  Si  from  the  alloying  pits  probably  forms  a 

g 

W.  R.  Brockhoff,  "Electrically  Shorted  Semiconductor  Junctions  Utilized 
as  Programmable  Read  - Only  Memory  Elements,"  Proc.  IEEE  19''’6 
Reliability  Physics  Symposiuni  (IEEE,  New  York,  1976),  p.  202. 

9 

T.  M.  Donnelly  et  al.  , "Reliability  Evaluation  of  Programmable  Read  - Only- 
Memories  (PROMs),"  report  RADC-TR-75-278  (February  1976). 

^^J.  McCarthy,  "Failure  of  Aluminum  Contacts  to  Silicon  in  Shallow  Diffused 
Transistors,"  Microelectronics  and  Reliability^,  187  (1970).  See  also 
C.  J.  Kircher,  "Contact  Metallurgy  for  Shallow  Junction  Si  Devices," 

J,  Appl.  Phys.  £7,  5394  (1976). 


53 


P.irliiilly  p )•() u; I'an u n ( 'f I 
:ill  A1  II  irl  a 1 1 i zatii  >11  rfl 


I’ottolii  A1  1 nc  ta  I li /.ali(  111  inlail 


-|•(■sis1a^l  lumps  mi  emitter 
\IM  memufv  elements. 


« > 

i fl  ^ 

sat  **6:. 

tlM  a 

ffik. 

diluti-  solution  in  the*  overlying  A1  during  the  extended  contact  sintering  step 
and  probably  does  not  significantly  change  the  etch  rate,  ) When  memory 
elements  were  programmed  under  abnormal  conditions  so  that  many  pulses 
were  required,  the  size  of  the  lumps  did  not  change,  as  shown  in  Figure  22. 
This  indicates  that  the  lumps  are  probably  formed  only  during  the  last  few 
pulses  that  permanently  short  the  e-b  junction. 

The  lumps  are  uniform  in  location  on  the  emitter  contacts.  They  all 
appear  at  the  edges  of  the  contact  windows  and  most  are  at  the  same  relative 
position.  Contacts  in  the  columns  next  to  the  A1  collector  bus  lines  between 
portions  of  the  memory  array  occur  on  the  side  of  the  contact  window  nearest 
the  bus  lines.  This  indicates  that  the  point  of  e-b  junction  breakdown  is 
partly  determined  by  geometric  factors,  such  as  alignment  of  diffusion  masks 
or  A 1 conductor  strips,  which  are  uniform  across  the  chip  (and  possibly  even 
across  the  entire  wafer  from  which  the  chip  came). 

Additional  programming  artifacts  arc  revealed  when  the  memory  chip  is 
sectioned  by  metallurgical  techniques.  Special  sample  alignment  equipment 
was  used  to  obtain  sections  closely  parallel  to  the  rows  of  memory  elements. 
Figure  23a  is  a photograph  of  a portion  of  a 90°  section  along  a row  of  pro- 
grammed memory  element  transistors.  Since  the  transistors  are  stagggered 
in  location  on  the  surface  of  the  chip  (see  Figure  21),  only  every  second 
transistor  appears  in  any  one  section.  Note  the  aluminum-colored  "fingers" 
extending  diagonally  downward  from  the  edges  of  the  emitter  contacts  toward 
the  corners  of  the  base-collector  junctions.  The  fingers  are  about  0.  5 pm 
in  diameter  with  a circular  cross  section,  as  shown  in  the  6 degrees  section. 
Figure  23b.  The  30  degrees  section  in  Figure  23c  shows  that  the  fingers 
cross  the  emitter-base  junction  below  the  surface  of  the  chip.  These  fingers 
were  not  found  on  unprogrammed  devices  that  were  also  sectioned. 

The  formations  shown  in  Figure  23  are  similar  to  those  revealed  in  the 
2°  sections  presented  by  Brockhoff.  ^ He  described  these  programming 
artifacts  as  aluminum  filaments  and  likened  them  to  the  white  spears  that 
have  been  seen  on  the  surfaces  of  semiconductor  devices  between  A1  contact 
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ar^’a.s  after  o\,  <.  rstrt.-ssing.  Aluminuni  spears  have  been  produced  by  simply 
heating  specimens  of  an  A1  metallized  transistor  test  pattern  in  a furnace 
at  560°C  or  higher  for  20  seconds  or  longer.  At  550°C,  none  were  produced 
after  10  minutes.  The  reaction  proceeded  most  rapidly  in  a direction  parallel 
to  the  (111)  surfaces  of  the  Si  slices.  The  surface  of  the  AIM  device  is  the 
(100)  plane  of  Si,  as  shown  by  the  square  shapes  of  the  alloy  pits  in 
Figures  21  and  22.  The  A1  fingers  appear  to  extend  approximately  parallel 
to  (111)  planes , which  are  54.7  degrees  away  from  (100)  planes , just  as  do  the 
spears. 

9 

In  the  earlier  evaluation  of  PROMs  by  Hughes,  it  was  reported  that 
fabricating  AIM  PROMs  with  a diffusion  barrier  film  (Ti-VV)  between  the  Si 
emitter  contact  and  the  A1  metallization  resulted  in  devices  that  required 
at  least  50  percent  more  current  for  programming  than  normal.  When  pro- 
gramming (emitter-base  shorting)  did  occur,  the  collector-base  junction 
was  also  destroyed.  Therefore  the  AIM  programming  mechanism  apparently 
was  changed  when  migration  of  A 1 into  the  Si  was  inhibited.  This  implies 
that  the  normal  programming  mechanism  does  depend  on  A 1 migration. 

The  explanation  of  the  mechanism  of  programming  AIM  PROM  elements 
that  accounts  for  the  above  observations  is  basically  the  same  as  that 

9 

presented  in  the  earlier  report  and  is  similar  to  the  electro-thermomigration 
theory  developed  by  Christou  for  A 1-Si  and  Au-Si  interactions.  When  the 
programming  pulse  is  applied,  current  passes  through  the  reverse  biased 
emitter-base  junction  and  a hot  spot  forms  at  the  junction  where  the  electric 
field  is  strongest,  near  a corner  of  the  emitter  region.  After  joule  heating 
raises  the  temperature  of  the  nearby  Si  to  over  560°C,  rapid  migration  of 
A1  occurs  from  the  emitter  contact  to  the  hot  spot  under  the  influence  of  the 

' ^T.  E.  Price  and  E.A.  Berthoud,  "Aluminum  spearing  in  silicon  integrated 
circuits,"  Solid  - State  Electronics  J_6,  1 303  (1973). 

12 

E.  Philofsky  and  E,  L,  Hall,  "A  Review  of  the  Limitations  of  Aluminum 
Thin  Films  on  Semiconductor  Devices,"  IEEE  Trans.  On  Parts,  Hybrids, 
and  Packaging  PHP-  1 1 , 281  (1975). 
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A.  Christou,  "Electro-thermomigration  in  A 1 /Si,  Au/Si  interdigitized  test 
structures,"  J.  Appl.  Phys.  £4,  2975  (1973). 
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thi-rmal  fjradii  nt  and  tho  concontration  gradient.  If  localized  nnclting  of  the 
A1  and/or  an  Al-Si  alloy  occurs,  as  is  likely  since  the  Al-Si  eutectic  melts 
at  577^C,  the  electric  field  will  also  assist  diffusion  of  A 1 since  positive 

3 

metal  ions  are  responsible  for  diffusion  in  liquid  metals.  Simultaneously, 

Si  diffuses  out  of  the  emitter  r gion  into  the  A1  contact  because  of  the  con- 
centration gradient,  replacing  the  A 1 that  diffused  to  the  hot  spot.  (Melting 
of  Si  is  probably  not  ni'cessary  since  Si  diffuses  rapidly  in  A 1 at  temperatures 
above  SOO'^C.  After  the  junction  is  shorted  by  the  A1  "finger",  the  power 
dissipation  drops  and  the  region  cools  by  conduction  to  the  surrounding  silicon. 
This  rapid  cooling  quenches  the  A1  and  Si,  preventing  formation  of  equilibrium 
phases  and  preserving  the  inhomogeneous  structures  observed  as  white  lumps 
on  the  emitter  contacts  and  A1  fingers  in  the  sections. 

NICHROME  FUSE  PROGRAMMING  MECHANISM 

The  nichrome  fuse  PROM  has  been  studied  by  many  investigators.  The 
phenomena  involved  and  the  appearances  of  programmed  nichrome  fuses 

9 

have  been  adequately  reported  elsewhere,  especially  in  the  previous  report. 

The  most  significant  recent  contribution  in  this  area  is  the  work  of  Kenney, 

Jones,  and  Ogilvie.^’  ^ Additional  insights  are  provided  in  the  recent  paper 
15 

by  Davidson  et  al. 

A technique  for  preparing  samples  of  nichrome  fuse  PROMs  for  analysis 

14 

by  a transmission  electron  microscope  (TEM)  was  developed  by  Jones. 

This  enables  examination  of  undamaged  fuses  at  high  magnification  and  high 
resolution.  Photographs  of  fuses  obtained  by  this  technique  have  been 
published.  ’ ’ Two  of  those  photographs^  are  included  in  this  report. 


14 
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W.  K,  Jones,  "Plasma  Etching  as  applied  to  Failure  Analysis,  " Proc. 
IEEE  1974  Reliability  Physics  Symposium  (IEEE,  NY,  1974),  p.  43. 

J.  Davidson,  J.  Gibson,  S.  Harris,  T.  Rossiter,  "Fusing  Mechanism  of 
Nichrome  Thin  Films,"  Proc.  IEEE  1976  Reliability  Physics  Symposium 
(IEEE,  NY,  1976),  p.  173. 
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l 24  show  s tho  appoaranci-  of  one  type  of  nichronie  fuse  link,  which 

IS  used  by  vendor  A.  The  iiu-tal  remaining  in  the  gap  is  in  the  form  of  fila- 
ments with  periodic  aberrations  in  width  along  their  lengths.  The  spacings 
between  filaments  is  quite  uniform.  Segregation  of  the  constituents  was 
detected,  with  more  Cr  ni-ar  the  ends  of  the  longer  and  widt’i-  filaments  on 
the  iu'gati\e  side  of  the  gap  and  more  X i nc'ar  thi-  luids  of  the  smalh'r  filaments 
on  the  positise  side  of  the  gap.  Also  pri'Sent  in  the  gap  is  a film  of  Ni-Cr 
siiinel  (Cr,Xi0^t,  which  contains  some  round  voids.  (The  chemical  com- 
positions were  determined  by  non-dis  pe  r si  \'e  x-ray  spei.  troscopy  on  a 
scanning  TFIM  and  i)y  electron  diffraction  from  areas  aliout  50  nm  in  diameter) 
the  lireaks  in  tlu‘  XiC'r  filanumts  occur  near  the  i nd  of  the  fust*  link  away 
i rom  the  I'mitti'r  of  tlu-  memory  element  transistor.  Thus  the  breaks  are 

leaf  the  positive  end  of  tlie  fuse  (see  the  circuit  diagram  in  the  previous 

o 

report  'I,  whiih  is  also  the  location  of  the  break  in  polysilicon  fuse  links. 
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'I'ht.'  otlu-r  typi-  of  lusi'  link,  as  used  Ijy  Vfinlor  H,  is  shown  in  i-i^urn  i->. 
llcrc  tlu'  NiCr  rnmainin^;  in  llu-  gap  is  in  tlic  lonn  of  tin-ulcir  jiarlu  Ins  and 
short  filanunils.  1 lu'y  am  int  n in  onnci  tod  with  a m-lwork  ol  .\i-(  r spiind 
and  with  nnu  h gmati-r  gap  \oid  than  tor  llu'  lirst  typo  ol  Insn. 

The  pr  og  rannning  nunhanisiu  di'serilied  by  l.enni'y  I't  aJ.  is  liasi’cl  on 

theories  of  disintegration  of  liquid  sheids.  I he  lirst  sti'p  in  programming 
is  joule  heating  of  the  nichrome  fuse  to  its  melting  point  by  the  electric- 
current  passing  through  it.  Next,  one  or  mori-  holes  in  the  nichronu'  lilm. 
formed  before  or  after  melting  by  impuritii-s  in  the  film,  metal  migration 
under  the  influence  of  the  electric  curn-nt  or  field,  or  some  other  influence, 
grow  larger  clue  to  the  surface'  tension  ol  the  licjuid  me’tal,  Pe  rturliations 
then  develop  on  the  rim  of  the  hole  which  cause  it  to  break  up  into  symmetrical 

The  filaments  may  also  break  up  into  particles 

and  size  of  the  fuse  gap  are  suitalili-.  The  spacing' 


filaments  of  iiichronu 
Idropli'ts)  if  the  tempi'raturi 


IT'.M  plioto  of  nichrome  fuse  gap,  vendor  R 
( Fuse  width  at  gap  ~ 1.  8 pm) 


Figure 


of  the  nichrotne  filaments  and  particles  can  be  calculated  from  the  theories 
of  Raylidgh  and  Wc-ber;  the  results  are  in  rough  agreement  with  the  obser- 
vations. As  soon  as  a filament  is  broken,  its  source  of  heat  (the  electric 
current)  is  removed  and  it  soon  solidifies  as  a result  of  heat  loss  by  conduc- 
tion to  the  overlying  passivation  glass  and  the  underlying  oxide  and  silicon. 

The  spinel  film  observed  in  the  gap  where  the  nichrome  has  withdrawn 
is  the  oxide  that  formed  on  thi>  surface  of  the  nichrome.  During  programming, 
it  becomes  sufficiently  hot  in  some  spots  to  break  up  under  surface  tension 
just  as  does  the  nichrome  film.  Since  the  spinel  probably  melts  at  a higher 
temperature  than  the  nichrome  and  is  heated  only  by  contact  with  nichrome 
(since  its  electrical  conductivity  is  low),  the  degree  of  its  breakup  is  less 
than  it  is  for  the  nichrome. 

The  qualitative  agreement  between  structural  features  predicted  by  the 
theories  of  the  disintegration  of  liquid  sheets  and  the  observations  of  nichrome 
^^^•Jes  by  the  SEM^  and  the  TEM  ’ ^ is  impressive.  The  calculated  filament 
and  droplet  spacings  do  not  agree  closely  with  the  observed  values,  perhaps 
because  the  values  of  surface  tension,  viscosity,  and  temperature  required 
for  the  calculations  are  uncertain.  However,  the  influence  of  the  overlying 
passivation  glass  may  also  be  important.  During  programming,  it  is  heated 
and  its  viscosity  may  become  small  but  the  liquid  nichrome  film  still  will 
not  have  a free  surface  and  the  overglass  should  inhibit  the  perturbations 
that  supposedly  cause  the  breakup  of  the  film.  The  mechanism  for  nucleation 
of  the  voids  that  grow  into  holes  is  uncertain,  although  it  is  conceivable  that 
the  thin  nichrome  films  have  sufficient  imperfections  which  act  as  void  nuclei. 
The  role  of  the  electric  field  acting  on  the  liquid  metal  ions,  as  evidenced  by 
the  asymmetry  often  detected  in  the  gaps,  is  also  not  clear.  In  spite  of  the 
uncertainties  remaining,  the  liquid  sheet  instability  theory  is  the  most 
inclusive  explanation  of  the  programming  mechanism  for  nichrome  fuse 
memory  elements.  It  is  likely  that  it  can  be  developed  further  to  account 
for  the  uncertainties  if  necessary. 
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6.  MEMORY  ELEMENT  FAILURE  MECU  lANLSMS 

PROM  element  failures  involve  conversion  of  an  unprogrammed  eletnent 
into  a programmed  element  and  vice  versa.  Information  about  failures  has 
been  obtained  from  two  types  of  sources:  life  tests  and  user's  field  expe- 
riences. Under  this  program,  life  tests  of  programmed  PROMs  were  con- 
ducted at  elevated  temperature  for  durations  of  more  than  2000  hours  (see 
Section  7).  The  results  of  tests  conducted  elsewhere  ha\'e  also  been  considerefi. 
User  information  was  obtained  from  various  Hughes  progran  from  tlie  Relia- 
bility Analysis  Center  Report,  from  published  data,  and  from  responses 
to  a questionnaire  sent  out  as  part  of  this  program.  In  addition  to  failures 
that  have  actually  been  observed,  other  possible  failure  mechanisms  are 
described  where  appropriate,  based  on  the  detailed  analyses  of  PROM 
devices  which  were  made  during  this  program.  Failures  of  the  input-output 
and  addressing  circuits  also  occur  but  are  not  considered  here. 

POLYSILICON  FUSE  FAILURE  MECHANISMS 

Unintentional  conversion  of  an  unprogrammed  fuse  link  into  a programmed 
fuse  might  be  effected  either  by  corrosion  or  by  the  read  current.  In  the  case 
of  polysilicon  fuse  links,  corrosion  is  not  expected  to  be  the  threat  that  it  is 
for  NiCr  fuse  links.  This  is  due  to  the  much  greater  thickness  of  the  poly- 
silicon  film  and  to  the  protective  oxide  that  forms  on  Si.  This  was  verified 
by  performing  the  passivation  integrity  tests  specified  for  NiCr  fuse  I-’ROMs 
(see  section  on  nichrome  fuse  failure  mechamisms)  on  1024-bit  polysilicon 
fuse  PROMs.  Twelve  unprogrammed  parts  and  one  programmed  part  were 
put  through  the  freeze-out  test  (per  MIL- M- 3 85  10 /2 0 1 , paragraph  4.3el  and 
no  electrical  changes  were  detected.  Then  two  unprogrammed  parts  were 
opened  for  the  water  drop  test  (paragraph  4.4.2c  of  the  same  specification) 


H.C.  Rickers,  "Microcircuit  Device  Reliability:  Memory/L.SI  Data," 
Reliability  Analysis  Center  report  MDR-3  (Rome  Air  Development 
Center,  Winter  1975-  1976). 
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I)y  lifinclinji  off  the  lids  and  each  was  placed  in  a Dll’  socket  wired  so  as  to 
energize  locations  near  the  center  of  the  cliip  (row  15,  column  7 of  each  hit). 
With  the  devices  energized,  a droplet  of  high  resistivity  water  was  placed  in 
the  middle  of  the  chip  with  a glass  pipette.  As  each  droplet  evaporated, 
another  was  deposited  so  that  the  total  time  with  water  on  each  chip  - .as  at 
least  three  minutes,  as  directed  in  the  specification.  Afterwards,  the 
devices  were  read  out.  Two  addresses  on  one  sample  and  one  on  the  oilier 
had  apparently  become  programmed. 

Microphotographs  of  portions  of  one  of  the  two  devices  are  shov\n  in 
f igure  26.  The  two  memory  elements  which  became  programmed  ari-  indi- 
cated. The  polysilicon  fuse  links  are  intact  but  the  A1  lines  that  connect  the 
fuses  to  the  transistor  emitter  contacts  are  corroded.  Some  co/'rosion  of 
A1  column  buses  also  occurred,  apparently  through  cracks  along  the  edges 
of  the  A1  lines,  but  the  polysilicon  stripes  underlying  those  buses  provided 
sufficient  conductivity  to  avoid  further  bit  changes.  (The  fuse-emitter  con- 
ductors do  not  have  underlying  polysilicon.)  The  same  phenomenon  occurred 
on  the  second  water  drop  test  sample.  Since  the  overglass  passivation  is 
removed  from  the  polysilicon  fuse  areas  to  facilitate  programming,  thereby 
exposing  portions  of  the  A1  metallization,  it  is  not  surprising  that  some 
corrosion  occurred  on  these  devices.  However,  no  corrosion  of  the  poly- 
silicon was  observed  anywhere,  which  confirms  the  expectation  that  failure 
by  corrosion  of  the  fuse  link  is  not  likely  for  polysilicon  fuse  PROMs. 

The  other  possible  mechanism  for  failure  of  an  unprogrammed  poly- 
silicon fuse  link  is  fusing  by  the  read  current.  The  power  dissipated  in  the 
fuse  link  during  read  is  only  0.625  mW , which  is  0.7  percent  of  tlie  normal 
programming  power,  so  fusing  during  read  will  only  occur  for  exceptionally 

narrow  fuses.  Tests  by  one  manufacturer  showed  that  this  may  occur  for 

17 

widths  of  0.3  pm  or  less.  That  manufacturer's  data  showed  that  tlie 
average  fuse  width  is  2.2  pm  and  the  chance  of  obtaining  fuses  narrower 

Tt 

R.  C.  Smith,  S.  J.  Rosenberg,  and  C.  R,  Barrett,  "Reliability  Studies 
of  Polysilicon  Fusible  Link  PROM's  ,"  Proc . IEEE  1976  Reliability 
Physics  Sympos  ium  (IEEE , N.Y.,  1976);  BillPascoe,  "Polysilicon 
Fuse  Bipolar  PROMs , " Intel  report  RR-9  (Intel  Corp,  Santa  Olara  , 

CA,  197o). 
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than  I fj-nn  in  normal  production  is  only  0.01  percent.  However,  this 
dimension  is  not  inspected  so  devices  with  such  fuses  could  occur.  Ncj 
failures  of  un()rog  rammed  polysilicon  fuses  were  detected  during  this 
program  and  none  liave  lieen  reported  from  other  sources. 

The  second  failure  mode  for  fuse  link  PROMs,  reversion  of  a programmed 
link  back  into  an  apparently  unprogrammed  condition,  is  called  reconduction. 
During  normal  programming,  a physical  gap  is  produced  in  a polysilicon 
fuse  link.  This  gap  contains  some  SiO^  formed  during  fusing.  This  oxide 
and  the  native  oxide  formed  on  the  surface  of  the  polysilicon  are  probably 
adequate  to  prevent  accidental  reconduction  by  a loose  metallic  particle 
coming  to  rest  on  top  of  a blown  fuse.  However,  the  width  of  the  gap  in  the 
polysilicon  link  can  be  very  small,  as  shown  in  some  of  the  transmission 
electron  microscope  photos  in  Section  5.  The  thin  dielectric  film  in  these 
narrow  gaps  may  be  prone  to  reconduction  under  certain  voltage  and  tempera- 
ture conditions.  As  described  in  the  previous  report  by  Hughes  Aircraft 

9 

Company,  reconduction  may  result  from  conductance  through  the  dielectric 
at  high  temperatures  or  electrical  breakdown.  Since  the  melting  point  of  Si 
is  close  to  that  of  NiCr  and  melting  may  be  involved  in  forming  a permanent 

9 

reconduction  (if  such  exists),  the  susceptibility  of  polysilicon  fuses  to 
reconduction  might  be  similar  to  NiCr  fuses.  In  both  cases,  however,  most 
reconductions  are  probably  unstable  and  are  a resvilt  of  incompletely 
programmed  fuse  links. 

1 8 

Reconduction  of  polysilicon  fuse  links  on  one  part  has  been  reported. 

This  occurred  after  dynamic  burn-in  on  three  bits  of  a 1024-bit  device 
manufactured  in  early  1975.  The  reconducted  fuse  links  had  resistances  of 
500  to  900  ohms,  less  than  the  minimum  resistance  for  a fuse  to  appear 
programmed  (1000  ohm)  but  larger  than  the  unprogrammed  fuse  resistance, 

100  ohm  (see  Section  2),  Examination  with  a scanning  electron  microscope 
showed  that  most  of  the  programmed  fuse  links  on  that  part  had  narrow  gaps. 
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I).  G.  Platteter  (Naval  Weapons  Support  Center,  Crane,  Indiana) 
private  communication  (duly  1975). 
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The  photograph  of  one  reconducted  fuse  (Figure  27)  shows  that  it  resembles 
fuses  blown  under  reduced  power  during  this  program,  such  as  the  one 
shown  in  Figure  14d.  Unfortunately,  the  programming  parameters  for  the 
reconducted  fuse  are  not  Icnown,  but  the  manufacturer  believes  it  was  incor- 
rectly programmed.  Its  superficial  appearance  suggests  that  a limitation  on 
the  number  of  pulses  used  to  program  polysilicon  fuse  PROMs  could  reduce 
the  occurrence  of  this  type  of  failure. 

No  other  failures  of  polysilicon  fuse  elements  have  been  reported.  None 
were  detected  during  the  tests  conducted  as  part  of  this  program  on  those 
fuses  programmed  according  to  the  manufacturer's  recommendations. 

AIM  FAILURE  MECHANISMS 

No  failures  of  unprogrammed  AIM  PROM  elements  have  been  reported 
by  users  contacted  under  the  present  study  and  none  were  obtained  in  the 

g 

life  test  program  (see  Section  7)  or  in  other  programs.  One  failure  of  a 

9 

programmed  AIM  memory  element  was  reported  earlier  but  its  cause  was 
not  definitely  determined.  No  other  programmed  AIM  bit  failures  have  been 
reported  by  users  and  none  have  oeen  detected  in  accelerated  life  tests. 
Therefore  only  hypothetical  failure  mechanisms  are  discussed  for  this  type 
of  PROM  element. 

An  unprogrammed  AIM  memory  element  would  require  an  emitter-base 
short  in  order  for  it  to  appear  as  programmed.  No  contact  is  made  to  the 
bases  of  the  memory  element  transistors  and  they  are  protected  by  Si02  and 
passivation  glass.  Shorting  by  loose  particles  on  the  surface  of  the  chip  is 
therefore  unlikely.  The  read  current  is  only  0.25  percent  of  the  program- 
ming current  so  formation  of  a short  by  junction  breakdown  during  normal 
use  is  also  not  lil;ely. 

Another  possible  failure  mechanism  for  unprogrammed  AIM  elements  is 

sufficient  growth  of  alloying  pits  to  short  the  emitter-base  junction.  These 

pits,  which  form  as  a result  of  diffusion  of  Si  into  the  overlying  A1  metalliza- 

1 2 

tion  during  the  contact  sintering  step  in  normal  processing,  appear  to 
penetrate  one  third  or  more  through  the  emitter  region  in  some  cases  (see 
Figure  2 3). 
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Sho  r t- 1.  1 rcui  ting  of  o mi  t to  r - ba  s o lunctions,  pnt;  iima’un  .1  11  :=iilt  I'l 

contact  sintt'ring,  has  occurred  ^ with  shallow  t i-ans  1 s to  i-s  on  t 1 Oi"  S . wh  oh 

is  the  orientation  used  for  AIM  FROMs.  At  the  high  temp,  ratin  e lie.  1 lor 

military  integrati-d  circuits,  125°C,  thi-  growth  rati'  of  alloying  jilts  will  be 

much  less  than  the  rate  at  the  sintering  temperature.  'This  is  caused  bv  the 

1 9 

exponential  dependence  of  diffusion  coefficient  (D)  on  temperature;  IJ  1)^ 

exp  (-Q/kT),  where  D is  a constant,  Q is  an  activation  energy,  k is 

o 

Boltzmann's  constant,  and  T is  the  temperature  ( K).  Using  Q 0.  79  e\  for 

1 2 

the  diffusion  of  Si  into  thin  film  Al  and  assuming  that  the  A1  11s  the  grow- 
ing alloying  pit  by  a diffusion  process  with  a much  lower  (i.e.  , negligible) 
activation  energy,  the  ratio  of  the  diffusion  coefficient  at  the  sintering 
temperature  (425°C)  to  that  at  the  maximum  use  temperature  (125°C)  is 
2 X 1 O"^. 

19  1/2 

! he  characteristic  distance  for  diffusion  is  proportional  to  (Dt) 
when-  I is  the  time  at  a particular  temperature.  Assuming  that  the  charac- 
teristic diffusion  distance  of  Si  in  the  overlying  Al  is  projio  rtionu  1 to  the  depth 
of  the  alloying  pits,  the  time  required  for  a pit  to  grow  at  125*^C  from  one 
third  through  the  emitter  region  to  the  emitter-base  junction  can  be  estimated 
using  the  characteristic  distance  formula.  This  time  will  be  the  cliff  e ri-nct" 
between  the  time  required  for  a pit  to  grow  all  the  way  from  the*  contact  to  thi- 
junction  (distance  = X)  and  the  time  required  for  it  to  grow  one-third  the  dis- 
tance (distance  r.  x/3);  Xt  s X^,  D(  1 25“ ) - ( X/ 3 D(  1 25“ ) bX*^,  9D(125“). 

t.)  o 1 / ^ 

From  the  pits  produced  during  contact  sintering,  X/ 3 ^ [D(425  )t(425  O] 
Hence,  At  s 8t(425“)D(425“) ' D(  125“).  Substituting  the  sintering  time  of  4m 
and  the  ratio  diffusion  coefficients  given  above,  one  obtains 

At  ^ (8)(4  m)(2  X 10^)  = 64  x lo"^  m 
H 10,700  h. 


^'1*.  G,  Shewmon,  Diffusion  in  Solids  (McGraw-Hill,  X’.V.,  1903). 
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Iliii.'i,  llii'  tli.tngi'  >'l  uiipru^  iMii'inod  AIM  I'Ki'M  fli-mcnls  min  immi' rinnui' 
liy  llu-  n u‘>  li.(  n i s n>  >'('  aUov'n)^  pit  cmwtti  is  <• ;.  I i i u.i  I ml  In  nm  ur  illii- 
IP_0()0  Inmi’s  >il  l.’.'i  t..  I 1. 1\\  1- \ I' , no  l.iiluro  of  lliis  n.iluio-  lias  lim-n  loporlml 

t)  . s 

(sec  Section  7),  even,  loi’  exposures  at  1 2 ('  for  mori'  tlian  111, ('00  liours. 

riie  analysis  i^resentecl  here,  which  ignores  the  limited  solubility  >.if  Si  in  A1  , 
is  simplified  and  is  likely  an  vinde  restimate  {)f  the  time  before  failure, 
rherefore,  this  failure  .mechanism  is  probably  not  a serious  threat  to  the 
reliability  of  AIM  PROMs. 

For  programmed  AIM  memory  elements,  opening  of  the  emitter-base 
conductive  path  would  be  required  for  them  to  revert  to  the  unprog  ranimed 
condition.  The  penetration  of  the  A1  finger  through  the  junction  during 
programming  (see  Section  5)  is  not  a reversible  process  and  the  read  current 
is  in  the  same  direction  as  the  programming  current.  Therefore  opening  of 
the  conductive  path  is  not  likely  to  occur. 

I'here  may  be  a possibility  of  the  A1  finger  penetrating  further  and  short- 
ing the  base-collector  Jiuiction  as  well  as  the  emitter-base  junction,  Iheri'bv 
disabling  an  i-ntire  I’ow  of  PROM  elements.  The  small  read  cui-rent  is 
insufficient  to  cause  the  local  lieating  that  is  lielieved  to  lie  resiions  iblc  for 
initiating  programming,  especially  since  the  resistance  of  the  jirogrammed 
junction  is  less  than  ten  oh.ms.  However,  A1  will  gradually  diffuse  from 

the  finger  into  the  surrounding  Si.  The  diffusion  coefficient  for  this  process 

1 2 

at  the  maximum  operating  temperature,  125  C,  has  not  been  determined 
but  it  is  probably  much  smaller  than  that  for  the  diffusion  of  Si  into  Al, 
which  was  considered  for  the  alloying  pit  case  above.  Since  Al  is  a p-type 
impurity  in  Si,  this  diffusion  may  merely  increase  the  local  carrier  concen- 
tration of  the  p-type  base  region  and  push  the  base-collector  junction  further 
into  the  collector  region  without  affecting  the  operation  of  the  device. 
Therefore,  additional  penetration  of  the  Al  finger  during  operation  is  n.'t 
expected  to  lie  a failure  mechanism  of  AIM  PROMs. 

Another  possible  failure  mechanism  is  a short  between  the  .Al  metal 
layer  that  makes  contact  with  the  emitters  of  the  memory  element  transistors 
and  the  overlying  Al  bus  for  the  collectors  of  the  memory  elements.  The 
top  surface  of  the  Al  on  the  emitter  contacts  of  a partially  programmed  .AIM 
PROM  was  re\ealed  by  etching  away  the  overlying  Al  and  glass  films. 


_ 
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I-  ncier  scanning  electron  microscope  examination,  no  significant  difference 
Ijptween  the  programmed  and  unprogrammed  locations  vas  detected.  There- 
fore the  risk  of  failure  by  this  mechanism  appears  to  be  independent  of 
nrogramming  and  the  same  as  for  multilevel  metallization  in  integrated 
circuits.  One  incident  of  "metallization  short"  was  the  only  die- related 
malfunction  reported  for  .AL\1  PROMs  by  the  Helialiility  Analysis  Center. 

XICIIKO.MK  FUSE  FAILURE  MECHANISMS 

The  failure  modes  of  niciironte  fuse  links  are  tlie  openinj  an  unpro- 
grammed link  and  tlie  reconduction  of  a programmed  link.  The  failure 
meciianism  for  tlie  first  mode  is  corrosion  of  tlie  nichronie  througli  eraeivs 
or  pinholes  in  the  passivation  glass;  fusing  by  the  read  current  has  not  lieen 
observed.  The  mechanism  causing  reconduction  is  still  not  clear.  It  may 

result  from  conductance  through  the  dielectric  (glass  and  spinel)  at  high 

q 

temperature  followed  bv  electrical  breakdown  of  the  dielectric.  ' On  the  othi  r 
hand,  some  of  the  observations  made  during  the  life  tests  indicate  that  recon- 
duction  of  NiCr  fuse  links  mav  be  unstable  and  probably  results  from  incom- 
pletely programmed  links  (see  Section  7).  The  failure  mechanisms  for  XiCr 

9 

fuses  were  thoroughly  discussed  in  the  earlier  report  by  Hughes  and 
references  to  manv  other  discussions  are  giv'cn  in  the  recent  paper  bv 
Franklin . 

Fourteen  flie-related  malfunctions  of  NiCr  PRtlMs  wa-re  reeordefl  in  the 

recent  Reliabilitv  Analysis  Clenler  (R.AC)  report.  ’ llalf  of  these  were  on 

parts  having  gold-doped  transistors,  which  were  used  on  the  parts  from  one 

o 

vendor  in  the  previovis  evaluation  of  PROMs  bv  Hughes.  Less  than  four  o: 
these  seven  failures  were  related  to  a fuse  link  but  at  least  one  of  them  was 
a ' growback''  (reconduction)  of  a fuse  on  a 256-bit  part.  Another  14  recon- 
duction failures  under  125°C  burn-in  conditions  were  reported  by  users. 
Details  of  these  failures  are  given  in  the  Table  on  User  Test  Results,  in 
Section  7. 


"^P.  Franklin.  "A  Reliability  Assessment  of  Bipolar  PROMs,  " Proc. 
IEEE  1^76  Reliability  Physics  Symposium  (IEEE,  X.V.,  1976). 
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S(  I ii  il  I |.  V ■ I l.i  n 1 1 umI  t iMii  s i s t o rs  ai'i'  used  in  all  nt  'hr  Nila-  lu-.r  llv^'M-. 

'•  7.1  I n.i  I nl  Ml  lhi;i  | ' ri  i(.’ f .i  m .liul  in  Ihr  I'Kl'Nla  ..hl.iinril  Irrni  \rnil..r  \ I.m  I hr 
' ■*  (M  r 7 ii  111.'-;  r \ .1 1 n.i  I ii  111 . Nonr  ul  Ihr  :;r\rn  ma  1 1'nn  r I i nn  s i-rpiM-Ird  hv  K \i  i.m- 

'>rh(>ttky  I’KOM.';  involved  the  NiCir  fu.se  links.  According  tu  the  l'Kh)\l  life 
1 data  summarized  in  the  RAC  report,  the  nuniber  of  failures  of  all  types 

t per  part-hour  during  static  and  dynamic  tests  at  1Z5'^C  is  si.milar  for  the 

two  transistor  technologies.  There  should  be  no  reason  to  expect  that  the 
; recent  change  from  gold-doped  to  Schottky  transistors  (see  Section  2)  will 

affect  the  reliability  of  NiCr  PROMs. 

The  mechanism  of  failure  due  to  corrosion  of  NiCr  is  guarded  against 
I by  coating  the  PROM  with  a passivation  film  of  phosphos  ilicate  glass  (see 

( Section  2).  The  adequacy  of  the  overlay  passivation  was  tested  by  the 

procedure  in  MIL-M-385  10 /20  1 , which  is  a specification  for  5 12-bit  NiCr 
PROMs.  Samples  of  1024,  2048,  and  4096-bit  PROMs  were  tested,  one  of 
each  size  from  Vendor  A and  two  of  each  from  Vendor  R.  The  procedures 
used  are  listed  below, 

1.  Electrical  read-out  to  verify  that  device  is  unprogrammed. 

2.  I'eniperature  cycling  from  -65°C  to  tl50°C,  per  MIL-.STD-883A  , 
Method  1010.  1,  test  condition  C. 

3.  Preeze-out  test,  per  MIL- M -385  10 /2 0 1 , paragraph  4.3c. 

4.  Electrical  read-out  to  see  if  any  changes  occurred. 

5.  Open  package  by  grinding  off  the  ceramic  lid  or  by  unsoldering 
the  metal  lid,  as  appropriate. 

6.  Water  drop  test,  per  MIL-M-385  10/20  1 , paragraph  4.4.2c. 

7.  Electrical  read-out  to  see  if  any  changes  occurred. 

8.  Inspect  with  an  optical  microscope  and  perhaps  with  a scanning 
electron  microscope  to  identify  the  nature  of  any  changes  that 
occurred , 

The  purpose  of  the  temperature  cycling  is  to  stress  the  de\'ice  and 
produce  cracks  in  the  passivation  glass  if  possible.  The  freeze-out  test  is 
intended  to  produce  a film  of  water  on  the  chip  while  power  is  applied,  thereby 
producing  electrocorrosion  of  metal  lines  through  any  pinholes  or  cracks  in 
the  passivation  glass.  The  water  drop  test  is  a destructive  test  in  which  an 
attempt  is  made  to  produce  electrocorrosion  by  applying  high  resistivity 
water  directly  onto  the  i^ROM  chip  while  power  is  applied. 
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No  floctrical  chanfji’S  as  a rrsult  of  tinipc  raturt-  cycling  and  the 
freeze-out  test  were  detected  on  any  of  thi-  samples.  After  the  water  drop 
tests,  no  changes  occurred  on  any  of  the  three  parts  from  Vendor  A.  On 
one  204H-bit  part  from  Vendor  13,  a portion  of  the  aluminum  bus  was 

etched  away  without  any  electrical  change  because  an  underlying  diffused 
conductor  was  in  parallil  with  it.  On  one  4096-bit  part  froni  Vendor  B,  four 
multi-bit  electrical  failures  and  one  single-bit  electrical  failure  were  caused 
by  etching  of  A1  lines.  Scanning  electron  microscope  photographs  of  the 
single-bit  failure  are  shown  in  Figure  28.  The  flaky  residues  in  28a  were 
left  after  the  water  drop  evaporated.  These  photos  indicate  that  the  failure 
resulted  from  a pinhole  in  the  passivation  glass  on  top  of  the  A1  line  where 
it  contacted  the  end  of  a NiCr  fuse  link.  Corrosion  during  the  water  drop 
test  apparently  dissolved  away  the  A1  under  the  pinhole  and  destroyed  the 
Al-NiCr  interface,  judging  from  the  partial  corrosion  of  the  underlying  NiCr 
that  is  shown  in  Figure  28b.  (The  hole  in  the  A1  was  enlarged  by  etching  the 
part  for  two  minutes  in  HC  1 before  the  passivation  glass  was  removed.  ) No 
changes  were  observed  in  the  other  four  parts  from  Vendor  B. 

The  test  results  of  the  NiCr  fuse  overlay  indicate  that  the  passivation  is 
adequate.  No  corrosion  failures  of  the  NiCr  fuse  links  were  observed  either 
in  these  tests  or  in  the  life  tests  conducted  during  this  program.  No  evidence 
of  cracks  was  seen  in  the  passivation  glass  at  the  edges  of  the  A1  metallization 
lines  that  contact  the  ends  of  the  fuse  links.  Occasional  pinholes  were  detected 
in  the  passivation  layer,  which  is  considered  normal  for  integrated  circuits. 


I 
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•lyuro  lis.  Aiuini  nii:Ti  iiicta  1 1 1 i< 'fi  uuiiirt 
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7.  BURN-IN  AND  I.LFF.  TFSTS 

LIFP;  IKSTS  AND  GFNKRAL  LNFOI^MATION 

A ZOld-houf  life  ti'St  was  po  rfo  rnucl  on  99  parts,  approx  iniatily  parts 
from  c-ach  of  tho  four  \-i'ndors  inchuii'cl  in  tills  study.  Iho  purpose  of  this  I.  si 
was  threefold:  first,  to  learn  as  much  about  the  failure  rate  of  these  di'siees 
as  th('  limited  sample  size  would  permit;  second,  to  (.U  termine  the  effi  eti'.e- 
ness  of  the  burn-in  screen  and  third,  to  evaluate  the  effects  of  required  time 
to  program  on  the  reliability  of  programmi  d memory  I'lement  1 o accom- 
plish this,  the  samples  were  programmed  under  varying  conditions  as  will 
be  described  below,  Thi'  number  of  pulses  required  for  programming  each  b.t 
was  recesded.  All  bits  were  programmed  for  each  di'vice.  The  programming 
was  verified,  and  the  samples  were  c’nti'red  into  a dynamic  life  test  chambi'r 
at  125°C.  The  samples  were  periodically  removed  from  the  test  and  the  stored 
data  re-verified  at  room  temperature  to  monitor  thi*  approximate  time  at  which 
failure  occurred.  After  2016  hours,  the  devices  were  removed  from  test  and 
the  failed  devices  were  analyzed  to  determine  the  cause.  All  of  the  failures 
were  found  to  be  individual  bit  changes.  Selected  failed  devices  were  further 
analyzed  with  findings  reported  below. 

9 he  programming  was  done  on  a specially  constructed  fixture  which  per- 
mitted adjustment  of  the  programming  parameters,  in  particulai-  the  pro- 
gramming pulse  amplitude.  Associated  with  the  progi-ammer  was  an  automat  u 
recording  device  which  monitored  the  number  of  pulses  required  to  program 
each  bit  and  |irinted  on  paper  tape  a coded  number  reflecting  the  approximate 
number  of  pulses  required  along  with  the  octal  address  of  that  bit.  Fig- 
ure 29  shows  a sample  of  this  tape  and  an  explanation  of  the  code.  The  code 
is  scaled  to  allow  pulse  counts  up  to  65,5  36. 

The  bits  were  programmed  in  two  groups.  The  first  group  was  pro- 
grammed in  accordance  with  the  vendor's  specifications.  (The  exact  program- 
ming conditions  are  shown  in  Appendix  III.  ) These  bits  were  used  to  cletermine 
the  failure  rate  of  a properly  programmed  device.  The  second  group  of  bit>  was 
programmed  with  programming  pulse  amplitude  deliberately  reclined  bcdow  tin- 
recommendi’d  level.  The-  rcusult  was  to  increase-  the  number  of  pulsi  s r i ijui  red 
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OCTAL  CODE 

ADDRESS  — 

- ■ — ^ X Y 


(A  37  CODE  IMPLIED  A COUNTER  OVERFLOW) 


Figure  29.  Sample  of  programming  rec  ord  tape. 
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for  progranuning  and  the  purpose  of  doing  this  ',\  as  to  di  hbe  rateK  inriui.'- 
marginal  or  failure  prone  memory  elements,  such  as  nnght  result  fron  thi 
use  of  improper  programming  equipment.  By  noting  the  occurrence  tin  e of 
failures  in  the  dynamic  life  test,  the  effectiveness  of  the  burn-in  screen 
could  be  evaluated. 

After  programming,  the  samples  were  inserted  into  burn-in  sockets 

which  provided  the  proper  signals  and  biases  for  dynamic  read  operation. 

The  V bias  was  set  at  5.  5 V and  the  address  inputs  wert*  cvcled  at  a 1 MHz 
I cc  ^ • 

^ rate.  The  racks  were  placed  in  an  oven  at  125  C.  The  samp,  were 

removed  from  the  oven  and  reverified  after  24  hours  and  at  increasing 

intervals  over  the  2016  hour  test.  Verification  was  done  at  room  temperature 

and, in  cases  where  the  vendor  recommended  it,  at  reduced  \'  le\els, 

c c 

The  results  of  the  2016  hour  life  test  revealed  no  failures  for  the 
m.f-mory  elements  in  the  first  group,  which  had  been  programmed  according 
to  the  vendor's  recommendations.  The  results  of  this  portion  of  the  tests 
are  summarized  in  Table  9.  As  was  expected,  the  second  group  produced  a 
number  of  failures  of  the  programmed  fuses.  The  failure  results  for  thi- 
second  group  are  listed  in  Table  10.  No  failures  were  experienced  in  either 
group  for  the  AIM  devices.  The  same  number  of  devices  were  life  tested 
from  each  group.  In  general,  half  the  bits  from  each  group  were  programmed 
according  to  the  vendor's  specifications  and  the  other  half  were  programmed 
with  long  blow-times. 

After  completion  of  the  life  test,  measurements  were  taken  to  further 

characterize  the  failures  prior  to  delidding.  It  was  found  that  im  reasing  the 

V bias  to  5.  5 V would  correct  several  of  the  errors.  Increasing  the  case 
cc 

temperature  on  devices  from  vendors  A and  B had  a similar  effect.  Simul- 
taneously raising  the  temperature  and  the  bias  would  correct  the  majoritv 

of  the  errors.  Conversely,  lowering  the  temperature  at  reduced  bias 

would  cause  new  failures  to  appear. 

Other  anomalies  were  also  observable.  The  number  of  errors  obsi-rved 
at  room  temperature  would  sometimes  change  after  a cycle  of  operation 
at  high  or  low  temperature.  A high  temperature  cycle  could  result  in  a 
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rcduct'd  room  temperature  error  count,  and  in  a very  lew  cases,  a low 
temperature  cycle  would  produce  new  errors  at  room  tempi- ratu  iw.  Si  ■ eral 
months  after  the  completion  of  the  life  test,  the  de\ices  were  a f>a.  n r ro  r 
checked.  Still  further  changes  in  the  error  count  were  obser\efi. 

The  unstable  character  of  the  some  of  the  failed  bits,  as  e\idenced  by 
these  measurements,  suggests  that  for  many  fuses  a ii.arginal  failure 
condition  e.xists  as  opposed  to  a solid  data  rc\-ersal.  In  this  condilion, 
even  a slight  change  in  the  internal  parameters  caused  by  \ariation  of  tem- 
perature or  voltage  bias  or  by  the  progress  of  some  physical  process  could 
result  in  a reversal  of  the  output  state.  If  the  difficulties  were  caused  by 
nialfunction  of  the  addressing  or  sensing  circuitry,  it  is  e.xpecti-d  that  the 
errors  would  lie  in  an  orderly  pattern,  i . e.  , within  a certain  row  , column, 
or  bit.  Since  the  location  of  the  errors  was  more  or  less  random,  it  appeared 
that  the  problem  lies  in  the  fuse  elements  themselves. 

One  sample  from  each  of  three  vendors  using  fusible  links  was  delidded 
and  probed  to  determine  the  resistance  of  the  fuses  at  the  failed  address 
locations.  Table  11  gives  the  results  of  the  measurements.  The  probing 
operation  is  rather  difficult  on  these  devices  because  of  the  minute  size  of 
the  metallization  areas.  It  was  necessary  to  force  the  probe  through  the 
oi.erglass  to  make  electrical  contact,  as  it  was  fidt  that  cjieniically  stripping 
the  glass  would  modify  the  fuse  resistance  and  obscure  the  results.  lv\en  so. 
it  is  possibli'  that  the  delidding  and  probing  opi'rations  could  have  affected 
a tenuously  conducting  fuse.  E\en  though  the  data  is  not  entirely  consistent, 
it  does  present  evidence  that  the  failures  were  caused  by  fuses  whose  resis- 
tances were  very  low  compared  to  that  of  a properly  programmed  fuse.  The 
fuses  that  measured  in  the  Megohm  region  are  not  readily  e.xplainalde.  It 
can  only  be  speculated  that  the  fuses  were  probably  disturbed  and  thi.-  low 
resistance  connections  reopened. 
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11.  UESIS  TANGE  MEASURKMEN 
FAILED  FUSE  ELEMENTS 

TS  (.>N 

Venflor  X 

X'endor  13 

W'liilo  r 

( l''olys  ilicon) 

(Nich  rome) 

( N i c h I'o ! 

200W 

> 1 megi’ 

2500Si 

150W 

> 1 meg  Si 

2 lOOSi 

900 

> 1 meg  Si 

2S00Si 

150  ii 

> 1 meg  Si 

2-rwjSi 

3 OOP 

>1  megP 

2 lOOSi 

loop 

840Si 

3000Si 

600  P 

ZOOOSi 

1900Si 

>1  megP 

20  OOP 

>1  megP 

2'=.00Si 

2 100  P 

The  samples  showing  temperature  dependent  errors 

provided 

tunity  to  check  another 

aspect  of  device  behasior.  W ndors  A and 

nichrome  PROMs  recommend  that  after  prog ramminij , \erification  shoe.ld 

be  carried  out  at  reduced  V bias  levels.  Since  this  verific  tion  is  generallv 

cc 

performed  at  room  temperature,  it  is  important  to  know  how  ('ffecti  \ el\  this 
test  screens  for  marginal  fuses  over  the  full  temperature  range  and  normal 
tolerances.  Using  devices  from  Vendors  A and  B in  which  marginal 
fuses  had  been  deliberately  programmed  as  described  above,  the  critical 
V level  at  which  the  output  data  reversal  occurred  was  measured.  Ibis 
measurement  was  repeated  at  -55°C,  <15°C,  and  IZS^CA  The  results  are 
plotted  in  Figure  30  for  two  fuses  which  fail  near  the  4.  5 \'  le\iT  at 
-55°C.  A polysilicon  fuse  device  was  measured  but  only  minor  temperature 
effects  were  noted. 


critical  v__  voltage 


Figure  30.  Critical  bias  versus  teniperaturc  for  marginal 
nichrome  fuses  (critical  ^'^c  ~ '"e'^'ersal  pointl. 

Using  these  data,  the  critical  lev'el  at  25°C  could  be  estiniated 

which  would  correspond  to  a failure  at  exactly  4.5  at  -55”c.  The  values 
obtained  were  3,83  V for  Vendor  A and  3.9b  V for  Vendor  B.  These  are 
somewhat  below  the  upper  limit  of  the  minimum  V range  allov,’ed  by  tile 
vendor's  recommendations.  It  should  also  be  noted  that  the  above  estimated 
values  contain  no  safety  margins  to  allow  for  drift  in  the  fuse  resistanci-  or 
sense  circuit  parameters  over  the  life  of  the  devices. 

Thus,  if  a reduced  V^^  test  is  used  as  a substitute  for  full  range  tempera- 
ture testing  after  programming,  it  would  be  necessary  to  further  reduce  the 
test  level  of  the  V^^  bias.  This  introduces  the  danger  of  rejecting  good 
devices,  since  other  parts  of  the  circuitry  may  show  malfunctions  at  \<.-ry 
low  levels  of  V which  do  not  correlate  to  a low  temperature  failure. 

Perhaps  a second  screening  of  the  failed  devices,  at  =4.5  V and  -55  C, 
would  be  cost  effective  in  saving  the  good  devices. 

The  verification  should  not  be  performed  immediately  after  programming 
while  the  device  is  still  at  the  elevated  temperature  caused  by  the  high 
programming  currents.  This  would  lead  to  falsely  optimistic  results. 
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A separate  life  test  was  run  to  evaluate  the  stability  of  the  pro>;raii',med 
storage  elenients  in  the  AIM  devices.  In  these  devices  the  resistani  «■  -f  a 
programmed  element  can  be  measured  indirectly  by  desele-'llng  the  ciuiJ, 
addressing  the  desired  word,  and  injecting  20  ma  into  the  appropriate  output 
terminal.  This  technique  is  used  for  verification  during  the  programming 
operation.  The  resulting  voltage  measured  at  the  same  output  terminal  is  an 
indirect  measure  of  that  across  the  storage  element,  but  differs  by  the 
voltage  drop  across  a base-eniitter  junction  and  two  saturated  transistors 
that  lie  in  series  along  the  current  path.  The  pass-fail  level  this  voltage 
during  programming  verification  is  approximately  7.0  V. 

In  the  stability  test,  several  locations  on  one  device  were  programmed 
for  vary  ng  lengths  of  time  so  that  the  voltages  measured  as  described  above 
ranged  from  5.  1 to  8.  0 V.  The  device  was  then  entered  into  dynamic  life 
for  1147  hours,  during  which  time  the  voltage  vas  periodically  monitori-d. 

The  results  of  the  measurements  are  shown  in  Table  12. 

The  resistance  of  the  programmed  devices  seems  to  be  \er\'  stabU-. 

The  variations  ranged  from  1.2  to  2 1 percent.  The  location  that  was  initially  pro- 
grammed to  the  8.0  V level  showed  the  greatest  fluctuation.  However,  ele- 
ments showing  a verification  voltage  above  7.  0 V would  not  occur  in  a 
correctly  programmed  device. 

In  addition  to  the  tests  described  above,  a survey  of  the  ti'sting  expi-rience 
of  other  users  was  made  as  described  in  Section  4 of  this  report.  The 
results  are  summarized  in  Table  11.  Based  on  the  user  data,  the  field 
experience  appeared  very  good.  In  addition  to  other  failures  a number  of 
reconduction  failures  occurred  in  125°C  burn-in  tests. 
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Moasiii’i'cl  Output  I’in  \ Dltapo  (20  niA  Inturruuatinn  l.  uj- ri’iil) 


Location 

Initial 

168  hours 

336  hours 

505  hours 

114  7 hovirs 

1 

7.2 

7.2 

7.3 

7.8 

7.3 

2 

6.5 

6.  7 

6.6 

6.9 

6 . 5 

3 

6.8 

7.5 

7.  7 

7.7 

7.9 

4 

7.  1 

7.  0 

6.9 

6.9 

6.9 

5 

7.  1 

7.0 

7.0 

7.  1 

7.  1 

6 

7.5 

7.0 

7.0 

7.  0 

7.0 

7 

8.0 

7.8 

8.0 

6.3 

7.7 

8 

5.0 

5.6 

5.7 

5.  7 

5.7 

9 

5.  3 

5.6 

5.6 

5.7 

5.6 

10 

3.  1 

5.6 

5.6 

5 . 6 

5.6 

1 1 

■^.4 

5.7 

5.7 

5.6 

5.7 
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TABLE  13.  USER  TEST  RESULTS 


Tech  nnhipy 

Device 
Size 
( H its  ) 

Manu-" 

lacturcr 

Quality 

Level 

No . of 
Parts 
Tested 

Test 

Number  of  Failures 

l\)lys  ilicon 

IK 

X 

Comme  rc  ial 

10 

125°C 

168  hours 

3 - fuses  measured 
500  to  900  ohms 
on  one  part 

2K 

X 

Commerc  ial 

27 

1250c 

700  hours 

0 

Nich  rome 

IK 

D 

385  10-B 
Equivalent 

41 

175°C 

72  hours 

3 - f’  ional  at 

2 - , -55  ^ 12  5‘'C 

4 - intermittent  at 

-55°C 

3 - functional  at 
-55°C  but 
passed  with  VI!  i 
inc  reased  bv 

10% 

2K 

A 

Comme  rc  ial 

29 

125®C 

700  hours 

0 

B 

Comme  rc  ial 

30 

125“C 

700  hours 

1 - bit  line  leakage 
at  65  h rs  . 

1 - reconduction 
at  53  7 h rs  . 

n 

Comme  rc  ial 

22 

125"C 

4 day 
burn-in 

1 - bit  line  leakage 

1 - reconduction 
(20  burned-in  parts 
used  in  field  with- 
out failures! 

B 

385  lO-B 
Equivalent 

1 17 

125°C 

4 day 
burn-in 

6 - bit  line  leakage 

2 - word  line 
leakage 

12  - reconduction 
(30  burned-in  parts 
used  in  field  with- 
out failures) 

Polys  ilicon 
Nich  rome 
Titanium- 
Tungsten 

IK 

Many 

Commerc  ial 

900,000 

Commercial 
equipment 
in  field 

Replacement  rate 
is  approximatelv 

50  parts  per 
month , 

AIM 


D = Fairchild,  see  page  5 for  other  codes. 


BURN -IN  ANALYSIS 


For  a tfSt  designed  to  study  the  effects  of  burn-in,  it  is  necessary  that 
some  failures  occur  during  the  burn-in  period  of  the  test.  For  the  number 
of  do\ices  and  memory  elements  available  for  this  study,  the  quantity  is  not 
sufficient  for  accumulating  any  burn-in  failures  if  the  memory  elements 
were  programmed  with  the  manufacturer's  recommended  methods.  It  was 
the  consensus  of  the  industry  that  the  fuse  reconduction  problem  is  brought 
on  by  marginally  blown  fuses  due  to  low  current  reaching  the  fuses.  There- 
fore, for  this  study  an  effort  was  made  to  produce  marginal  fuses  or  AIM 
elements  by  mc'ans  of  low'er  than  standard  voltage  pulses  and  the  associated 
longer  blow-tinios.  No  failure  of  any  AIM  device  was  experienced.  However, 
for  the  fuses  so  blown  with  longer  blow-times,  there  were  many  reconduction 
failures  from  the  125°C  2016  hours  life  test. 

The  numbers  of  device  failures  due  to  bit  changes  are  tabulated  in 
Table  14.  The  device  is  considered  failed  if  it  has  one  or  more  bit  changes. 
The  absolute  numbers  of  failures  with  respect  to  the  device  types  are  not 
meaningful  because  the  number  of  devices  used  and  the  number  of  bits  pro- 
grammed with  long  blow-times  vary  from  type  to  type.  However,  the  relative 

TABLE  14.  DEVICE  BIT  CHANGE  FAILURES  OF  DEVICES 
PROGRAMMED  WITH  LONG  BLOW-TIMES 


lechniilo^y 

Il('v  i ('o 
<■'.«  pacity 
( Hits  1 

Mfg. 

Cumulative  No.  of  Device  Failures  at  various  hours 
of  Life  Test 

24  hr.  16S  hr.  316  lir.  672  hr.  1344  hr.  2016  hr. 

Nichron^e 

1 K 

.•\ 

1 

3 

6 

6 

6 

6 

r> 

1 

3 

3 

3 

3 

3 

EK 

A 

0 

1 

3 

3 

3 

4 

B 

0 

0 

1 

1 

1 

1 

4K 

B 

1 

2 

3 

3 

3 

3 

1 

Polys  ilicon 

2K 

X 

0 

2 

2 

2 

2 

2 

Total 

3 

13 

18 

18 

18 

IP 

86 

I 

\ 

I 


I 


r 


values  with  respect  to  test  time  within  a device  type  or  foi'  the  composite 
total  are  of  interest.  Table  15  gives  percentages  of  e umula  ti\>.-  failures  with, 
respect  to  the  total  nuntber  of  failures  at  the  entt  of  tlie  life  tost. 

Except  for  the  2K  de\'ices,  which  behave  differently  (as  sliown  in  Table  15), 
most  of  the  failed  devices  occurred  within  168  hours  of  test.  The  composite 
total  showed  that  68  percent  of  the  failures  occurred  within  168  hours  of 
test.  A curve  for  the  cumulative  composite  number  of  failures  is  plotted  in 
Figure  31.  This  curve  shows  a distinct  knee  around  200  hours.  By  noting 
the  occurrence  of  new  device  failures  and  the  elpased  time  i ach  interval, 
a relative  failure  rate  can  be  calculated  for  each  interval.  These  relative 
failure  rates  are  plotted  in  Figure  32.  In  the  relative  failure  rate  curve  a 
knee  appears  around  ^00  hours.  It  indicates  that  after  300  hours,  the  occur- 
rence of  device  failures  settles  down  to  a low  and  almost  constant  failure 
rate.  This  low  failure  rate  is  about  1/20  of  the  failure  rate  of  the  first  day  of 
life  test.  From  a "total  number  of  failures"  view  point,  by  200  hours  of  opera- 
tion a large  percentage  of  the  device  failures  would  have  occurred  and  further 
burn-in  would  be  less  efficient  for  screening  out  additional  failures.  However, 
from  a failure  rate  standpoint,  300  hours  would  have  been  a better  stopping 
point  as  the  failure  rate  decreases  to  a low  level  without  much  change 
afti'r  this  point.  The  exact  burn-in  time  to  be  selected  will  therefore  depend 
on  the  crite  rion  one  wishes  to  use,  e.  g.  , 2 00  hours  for  cost  effi>ctiveness 
and  300  hours  for  high  reliability  achie\ement.  From  a practical  \ iew 

1 ABLE  15.  PERCENTAGE  CUMULATIVE  DEVICE  BIT  CHANGE 
FAILURES  OF  DEVICES  PROGRAMMED  WITH  LONG 

13 LOW -TIMES 


Toc^inology 

Oevico 
Capac  ity 

24  hr. 

Percentage  of  Cuniulative  No.  of 
varunis  liovirs  of  T 

168  hr,  336  hr.  672  hr, 

Device  Pailuros  at 
i fo  Test 

1344  hv.  2016  iir. 

Nichrorne 

IK 

22 

89 

100 

100 

100 

100 

2K 

0 

20 

76 

75 

75 

100 

4K 

33 

66 

100 

100 

100 

100 

Lolysilicon 

2K 

0 

100 

100 

100 

100 

100 

Total 

16 

68 

95 

95 

95 

100 

136°C  LIFE  TEST  HOURS 


Figure  31.  Composite  cumulative  number  o£  fuse  link 
devices  failed  because  of  bit  changes  as  a function  of 
life  test  time.  (Devices  were  programmed  with  long 
blow -times.  ) 


125*C  LIFE  TEST  HOURS 


Figure  32.  Composite  relative  failure  rate  of  fuse  link 
devices  failed  because  of  bit  changes,  (l)e\  ices  were 
programmed  with  long  blow-times.) 
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point  the  standard  burn-time  of  168  hours  is  very  close  to  the  knee  and  as 
indicated  before  68  percent  of  the  failures  would  ha\e  been  screened  out  at 
168  hours.  Therefore,  168  hours  or  the  160  hours  MIL-STD-883  figure 
appears  to  bo  a good  ballpark  number  for  burn-in  duration. 

Eight  of  the  failed  devices  contained  more  than  one  fuse  failure  by  the 
end  of  the  2016  hour  test.  There  were  19  faili'd  devices  as  indicated  in 
Table  14  and  38  failed  fuses.  With  the  larger  number,  i.e.  , 38  instead  of 
19.  Some  meaningful  analyses  can  be  done  at  the  device  type  level. 

T^te  fuse  failures  are  tabulati^d  in  Table  10.  Eigure  33  gives  a plot  of 
the  cumulative  number  of  all  of  the  reconduction  fuse  failures  as  a function 
of  life  test  hours.  This  curve  shows  a rather  distinct  knee  around  250  hours. 
The  corresponding  relative  failure  rates  are  plotted  in  Figure  34.  In  the 
relative  failure  rate  curve  a knee  appears  around  500  hours.  Thus,  after 
500  hours,  the  occurrence  of  reconduction  failures  settles  down  to  a low  and 
almost  constant  rate.  Again  this  low  rate  is  about  1/20  of  the  failure  rate 
of  the  first  day  of  life  test.  The  differences  in  the  knees  of  the  curves  for  the 
devices  and  the  fuses  are  attributed  to  the  fact  that  many  of  the  second, 
third,  etc.  fuse  failures  on  the  same  device  occurred  later  in  time  during  the 
test,  thus  moving  the  knee  out  for  the  fuse  failures.  These  knees  of  the 


Figure  33.  Composite  cumulative  number  of  fuse  recon- 
duction failures  of  NiCr  and  Si  PROMs  specially  programmed 
with  long  blow-times  as  a function  of  life  test  time. 


90 


A 


0.20 


0 500  1000  1500  2000  2500  3000 

I25»C  LIFE  TEST  HOURS 


Figure  34,  Composite  relative  fuse  reconduction 
failure  rate  of  NiCr  and  Si  fuses  specially  pro- 
grammed with  long  blow-times  as  a function  of 
life  test  time. 

curves  are  dependent  upon  how  the  life  test  is  lonflutted.  lie  life  l<  si 
condition  needs  to  be  examined  further. 

The  report  "Reliability  Evaluation  of  Programmable  Read-Only  Memo- 
ries"^ postulated  that  fuse  reconduction  is  akin  to  the  breakdown  of  dielet  - 
trie  thin  film  and  that  the  elapsed  time  between  application  of  voltage  to 
actual  breakdown  varies  inversely  as  the  applied  voltage  and  temperature. 
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The  applied  voltage  in  the  life  test  'vas  the  interrogation  voltage.  The  bits 
were  cyclically  interrogated  one  at  a time  during  the  life  test.  As  a first 
approximation,  the  duty  cycle  of  the  voltage  applied  on  a fuse  is  inversely 
proportional  to  the  number  of  bits  to  be  cycled  through.  Therefore,  if  the  duty 
cycle  of  a IK  device  is  D,  then  it  would  be  D/2  for  2K  devices  and  D/4  for 
4K  devices.  This  duty  cycle  would  directly  affect  where  the  knee  would 
develop.  In  order  to  study  this  effect,  cumulative  fuse  reconduction  failure 
curves  were  separately  plotted  for  IK,  2K  and  4K  NiCr  PROMs  and  are 
shown  in  Figures  35,  36  and  37,  respectively. 


Figure  35,  Cumulative  number  of  fuse  reconduction 
failures  of  IK  NiCr  PROMs  specially  programmed 
with  long  blow-times  as  a function  of  life  test  time. 
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Figure  36.  Cumulative  number  of  fuse  reconduction 
failures  of  2K  NiCr  PROMs  specially  programmed 
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Figure  37.  Cumulative  number  of  fuse  reconduction 


failures  of  4K  NiCr  PROMs  specially  programmed 


with  long  blow-times  as  a function  of  life  test  time. 
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Tho  IK  PROM  curve  shows  a knee  around  250  hours.  Becausi'  of  thi- 
large  nuniber  of  failures,  the  IK  PROM  dominated  the  composite  cur\  >-  of 
Figure  35.  The  2K  PROM  cur\  e shou  s a rather  soft  knt-e  around  500  hours. 
This  differi-nce  in  the  kni-e  points  checks  well  with  the  duty  cycle  concept 
as  the  time  to  failure  of  the  2K  PROM  fuses  would  be  twice  that  of  the  IK 
PROM  because  the  application  duty  cycle  of  the  2K  PROM  is  one  half  of  the 
IK  PROM.  Based  on  the  same  reasoning  the  knee  of  the  cur\e  for  the  4K 
PROM  should  occur  at  1,000  hours,  i.  e.  , twice  the  knee  of  the  2K  PROM. 
However,  this  did  not  occur.  Figure  37  shows  that  the  knee  occurs  around 
500  hours.  Further  analysis  of  the  circuits  revealed  that  although  the  bits 
were  interrogated  one  at  a time,  the  voltage  across  the  fuses  was  applied 
a word  at  a time.  The  organization  of  the  bits  is  as  follows: 

IK:  256  words  X 4 bits 

2K:  512  words  X 4 bits 

4K:  512  words  X 8 bits 

Since  the  2K  PROMs  and  the  4K  PROMs  have  the  same  number  of  words, 
the  duty  cycle  of  the  voltage  applied  across  the  fuses  will  also  be  the  same. 

This  explains  the  similarity  in  appearance  of  the  curves  in  Figures  36  and  37. 

Another  critical  factor  is  temperature.  The  temperature  used  in  the 
life  test  was  125°C.  If  a higher  temperature  is  used,  the  knee  would 
occur  earlier. 

Aside  from  voltage  and  temperature  effects,  another  critical  question 
is  how  representative  are  these  slow-blow  fuses  with  respect  to  typical 
marginal  fuses  blown  with  manufacturer's  recommended  methods.  In  order 
to  e\aluate  typical  marginal  fuses,  thousands  of  normally  programmed 
devices  would  need  to  be  life  tested  in  order  to  collect  sufficient  numbers 
of  failures  for  meaningful  analysis  . Group  B life  test  data  could  be  accumulated 
from  all  the  lots  for  this  purpose. 

Most  of  the  above  remarks  refer  to  fusible  link  devices.  In  the  case  of 
of  devices  utilizing  AIM  technology,  no  failures  were  observed  in  the  life 
test  and  the  stability  tests  produced  no  evidence  of  drift  in  the  programmed 
element  resistance.  In  view  of  this,  perhaps  the  best  conclusion  that  can 
be  drawn  is  that  the  memory  elements  of  the  AIM  devices  do  not  contribute 
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appreciably  to  the  failure  rate  and  in  regard  to  burn-in,  these  devices 
should  be  treated  as  any  other  semiconductor  devdce  of  similar  complexity. 

PROGRAMMING  TIME  EFEECTS  ON  RELIABILITY 

By  use  of  lower  programming  pulse  voltages,  marginally  programmed 
fuses  were  produced.  After  the  125°C,  2016  hours  life  test  many  recon- 
duction failures  occurred  in  these  fuses.  An  attempt  will  be  made  here  to 
correlate  the  failure  rate  with  the  time  required  to  blow  the  fuses.  As  was 
discussed  in  the  programming  section  the  fusi's  were  blown  \ i a sequence 
of  pulses  instead  of  one  long  current  pulse.  For  convenienci'  of  presentation, 
thi’  number  of  pulsi’S  required  to  program  uill  be  considered  instead  of  blow- 
times. 

Table  16  is  a tabulation  of  fuse  reconduction  failures  and  number  of  bits 
programmed  in  each  category  of  pulses  required  to  program  the  bits.  It 
should  be  kept  in  mind  that  the  pulse  durations,  voltages  and  shapes  are 
different  for  the  different  vendors  as  described  in  Table  3.  However,  for 
the  same  vendors  the  programming  conditions  are  essentially  the  same  for 
devices  of  different  bit  capacities.  The  AIM  devices,  which  did  not  have 
any  failures,  have  been  included  in  Table  16  to  show  that  although  long 
blow -times  were  also  used  on  the  AIM  PROMs,  apparently  no  marginal 
mi'mory  elements  were  created  for  these  de\ices.  This  was  confirmed  by 
the  identical  appearances  of  the  aluminuni  lunips  at  the  emitter  contacts  for 
both  the  normally  blown  AIM  Junctions  and  the  junctions  Ijlown  with  lov.  r 
current  pulses  as  discussed  in  the  section  on  programming  mechanisms. 

In  Table  16  it  is  observed  that  for  vendor  B nichrome  IK  and  4K  devices 

j 

and  vendor  A nichrome  IK  devices  sufficient  numbers  of  failures  had  occurred 
to  enable  calculation  of  failure  rates  and  plotting  of  failure  rate  curves.  1 he 
failure  rate  F is  calculated  by: 

F = (failures  per  bit  per  hour) 

where  B = Number  of  bit  reversal  failures 

N = Number  of  bits  programmed 

T = Test  time  in  hours,  i.  c.  2016  hours  for  the  life  test  conducted. 
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Figure  39.  Reconductanci-  failur<>  i-atf  versus  number 
of  pulses  required  to  program  for  nichronx'  Vendor 
B 4K  devices.  (Reduced  voltages  used  in  prog  ramming.  I 


Figure  41.  Composite  reconductance  failure  rate 
versus  number  of  pulses  required  to  program  for 
all  nichrome  devices.  (Vendors  A and  B,  and  IK, 

2K  and  4K  devices;  reduced  voltage  used  in 
programming.  ) 

widths,  voltages  and  shapes  are  different  for  these  two  vendors.  Merging 
the  data  accf)rding  to  the  number  of  pulses  required  to  program  would  liave 
a smoothing  effect  on  the  curves.  For  example,  if  the  knees  of  the  individual 
curves  were  different,  the  merged  curve  then  would  have  a softer  knee. 

The  life  test  was  conducted  at  125°C.  The  failure  rates  at  lower  tem- 
peratures such  as  a 25°  to  50°C  could  be  several  order  of  magnitude  lower 
than  the  125°C  figure.  Although  a fuse  is  like  a resistor,  the  failed  portion 
of  a programmed  fuse  is  an  insulator.  This  insulator  would  >e  akin  to  the 
insulation  in  some  types  of  capacitors  such  as  electrolytic,  glass  or  ceramic. 
Temperature  greatly  affects  the  failure  rates  of  these  capacitors.  It  is  also 
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believed  that  thermal  cycling  would  have  a large  effect  on  failure  rate.  I he 
life  test  was  essentially  conducted  under  a 125°C  constant  chamber  tempera- 
ture condition.  It  is  believed  that  the  interrogation  \oltage  across  thi-  pro- 
grammed fuse  eventually  causes  the  breakdown.  The  duty  cycle  of  interroga- 
tion in  actual  usage  would  be  a great  deal  lower  than  the  duty  cych'  of  inti'rro- 
gation  done  in  the  life  test. 

Since  no  failures  occurred  for  fuses  programmed  within  10  pulses,  ihi- 
failure  rate  for  this  category  could  very  well  be  zero  rather  than  indicated 
by  the  interpolated  curves  in  the  figures.  Consequently,  the  failuri'  rate 
shown  in  Figures  38  through  41  should  not  be  used  without  consideration  for 
other  critical  factors. 

Table  4 of  the  Programming  Section  has  been  reproduci-d  here  as  Table  17 
side  by  side  with  Table  16  to  compare  data  between  normally  programmed 
bits  and  the  slow-blow  bits. 

It  appears  that  the  relative  number  of  pulses  required  to  blow  with 
respect  to  the  required  number  of  pulses  to  blow  under  normal  conditions 
is  more  critical  than  the  absoluate  number  for  predicting  probability  of 
failure.  As  an  example,  Table  17  indicates  that  for  vendor  B nichrome  IK 
devices,  all  of  the  bits  were  programmed  within  10  pulses  under  the  normal 
condition.  Table  16  shows  that  one  reconduction  failure  occurred  for  the 
group  programmed  between  10  and  100  pulses  and  more  failures  occurred 
for  the  higher  pulse  count  categories.  On  the  other  hand,  the  2K  deiices  of 
vendor  B had  bits  that  required  a large  number  of  pulses  (some  o\er  10,000 
pulses)  to  program  for  the  normal  condition  (Table  17)  and  only  one  failure 
occurred  in  the  over  10,000  pulses  category  (Table  16.  ) The  polysilicon 
PROMs  exhibited  similar  behavior.  The  IK  and  4K  devices  of  vendor  X 
required  a larger  number  of  normal  pulses  to  program.  No  reconductions 
were  experienced  on  these  parts.  However,  the  2K  devices  of  vendor  X 
showed  requirements  of  fewer  numbers  of  normal  pulses  to  program  (Table  17) 
and  failures  began  to  occur  for  bits  purposely  programmed  with  greater  than 
1000  pulses  (Table  16).  One  explanation  might  be  that  the  manufactured  fuse 
properties  (sheet  resistances,  cross-section,  etc.)  determine  their  basic 
programming  characteristics,  i.  e.,  number  of  pulses  to  blow  under  normal 
condition.  The  relative  figure  for  number  of  pulses  with  respect  to  the 
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TABLE  16.  COUNTS  OF  NUMBER  OF  BIT  REVERSALS  AFTER 
2016  HOURS,  1250c  LIFE  TEST  AND  COUNTS  OF  NUMBER  OF 
BITS  PROGRAMMED  WITH  REDUCED  PULSE  VOLTAGES  AS 
WELL  AS  NORMAL  PULSE  VOLTAGE 


Categ 

ories  according  to  number  0 
required  to  program 

f pulses 

Technology 

Manu- 

facturer 

Device 

Capacity 

(Hits) 

1 to  9 

10  to  99 

100 

to 

999 

1000 

to 

9999 

Over 

10.000 

Nichrome 

B 

IK 

No,  of  Bit 
Reversals 

0 

1 

1 

4 

2 

No.  of  Bits 
Programmed 

6245 

871 

12  14 

1275 

687 

2K 

No.  of  Bit 
Reversals 

0 

0 

0 

0 

1 

No.  of  Bits 
Prog  rammed 

4822 

5695 

4 140 

2838 

937 

4K 

No.  of  Bit 
Reversals 

0 

1 

5 

3 

0 

No,  of  Bits 
Programmed 

10862 

2 178 

3592 

3 149 

699 

A 

IK 

No.  of  Bit 
Reversals 

0 

0 

9 

8 

0 

No.  of  Bits 
Prog  rammed 

2669 

364 

3863 

3206 

138 

ZK 

No.  of  Hit 
Reversals 

0 

4 

0 

0 

0 

No.  of  Bits 
Programmed 

5318 

5378 

4 114 

3371 

251 

4K 

No . of  Bit 
Reversals 

0 

0 

0 

0 

0 

No,  of  Bits 
Prog  rammed 

10583 

818 

3444 

5424 

2 1 1 

I'^olys  ilicon 

X 

IK 

No , of  Bit 
Reversals 

0 

0 

0 

0 

0 

No.  of  Bits 
Programmed 

0 

0 

7773 

276 

660 

2K 

No . of  Bit 
Reversals 

0 

0 

0 

2 

I 

No.  of  Bits 
Programmed 

650 

4079 

4183 

10398 

1170 

4K 

No , of  Bit 
Reversals 

0 

0 

0 

0 

0 

No.  of  Bits 
Programmed 

0 

10 

164  79 

2579 

1412 

(Table  16,  concluded) 


Categ 

ories  according  to  number  of 
required  to  program 

pulses 

Technology 

Manu- 

facturer 

Device 

Capacity 

(Bits) 

1 to  9 

10  to  99 

100 

to 

999 

1000 

to 

9999 

Over 

10,000 

AIM 

Y 

IK 

No.  of  Bit 
Reversals 

0 

0 

0 

0 

0 

No.  of  Bits 
^ rog  rammed 

2580 

2 192 

13  16 

3228 

924 

2K 

No,  of  Bit 
Reversals 

0 

0 

0 

0 

0 

No.  of  Bits 
Programmed 

3715 

1780 

4558 

92  72 

1155 

4K 

No.  of  Bit 
Reversals 

0 

0 

0 

0 

0 

No.  of  Bits 
Programmed 

6867 

1754 

6409 

840 

5 13 

TABLE  17.  DISTRIBUTION  OF  NUMBER  OF  BITS  PROGRAMMED 
WITH  VENDOR  RECOMMENDED  METHODS  AS  A FUNCTION  OF 

PULSES  TO  PROGRAM 


Technology 

Manufacturer 

Device 

Capacity 

(Bits) 

Number  of  Bits 

1 to  9 

Catego 

10  to  99 

ries  according  to  number  of  pulses 
required  to  program 

100  to  999  1000  to  9999  Over 

10,000 

Nichrome 

B 

IK 

6044 

0 

0 

0 

0 

2K 

463  1 

3474 

1785 

337 

13 

4K 

10024 

207 

9 

0 

0 

A 

IK 

2560 

0 

0 

0 

0 ' 

2K 

5 120 

0 

0 

0 

0 

4K 

10240 

0 

0 

0 

! 

Polys  ilicon 

X 

IK 

0 

0 

60  76 

66 

6 

2K 

354 

3717 

1049 

0 

0 

4K 

0 

10 

10225 

5 

0 

AIM 

Y 

IK 

2048 

1002 

22 

0 

0 

2K 

3715 

1405 

0 

0 

0 

4K 

6 796 

1395 

0 

0 

0 

normally  required  number  of  pulses  is  a measure  of  how  mucli  current  reached 
the  fuse.  In  other  words,  the  current  starved  condition  of  a fuse  blowji  with 
1000  pulses  is  a group  that  normally  blows  for  100  pulses  is  the  same  as  one 
blown  with  100  pulses  in  a group  that  normally  blows  for  10  pulses.  If  this 
explanation  is  correct  then  manufacturing  variations  could  greatly  modify  the 
failure  rate  curves  with  respect  to  the  absolute  values  of  number  of  pulses  to 
program.  The  shape  of  the  curves  however,  sliould  ri-main  the  same.  It  is 
important  to  note  that  the  key  factor  for  blowing  a fuse  is  energy  wliich  can  be 
applied  by  means  of  multiple  short  pulses  or  a single  long  p e. 

Based  on  these  results,  it  appears  to  be  important  to  place  a limitation 
on  the  allowed  number  of  pulses  used  to  program  a fusible  link,  keeping  in 
mind  t’  at  the  limits  could  change  when  the  chip  design  changes.  A decision 
on  the  exact  number  of  pulses  permitted  would  be  the  result  of  a trade-off 
between  cost  and  reliability,  since  decreasing  the  number  of  pulses  will 
adversely  affect  the  programming  yield  while  increasing  it  will  result  in  a 
higher  operational  failure  rate.  Extensive  programming  >ield  and  field 
failure  data  would  be  required  to  exactly  quantify  this  trade-off.  The  data 
shown  in  curves  such  as  that  of  Figure  41  reflect  the  worst  - worst  case 
conditions  of  continuous  high  temperature  operation  and  maximum  interro- 
gation voltage  application  and  as  such  the  absolute  failure  rates  displayed  are 
extremely  pessimistic  and  cannot  be  used  directly  to  quantify  the  trade-off. 
How'ever  some  conclusions  as  to  relative  failure  rates  can  be  drawn.  Since 
the  completion  of  the  first  HAC  PROM  evaluation  extensive  progress  has 
been  made  in  the  area  of  Nichrome  PROM  technology.  Most  of  the  fuses  of 
the  newTy  designed  parts  from  Harris  and  MMI  can  be  blown  with  a single 
100  ps  pulse.  This  is  quite  contrary  to  the  earlier  parts  which  required 
millisecond  pulses  to  program.  Furthermore,  the  circuit  breakdown  prob- 
lem due  to  fast  risetime  of  the  programming  pulse  also  does  not  exist  in 
the  new'  parts.  Therefore  the  old  recommendation  of  using  millisecond 
pulses  with  no  longer  than  100  ps  risetimes  is  no  longer  applicable.  Refer- 
ring to  the  curve  in  Figure  41,  it  appears  that  for  NiCr  F^ROMs  the  10  pulse 
level  may  be  taken  as  a break  point.  A limitation  of  ten  pulses  wovild  pro- 
duce a failure  rate  reduction  of  five  to  one  over  unrestricted  programming. 
This  represents  a level  not  to  be  exceeded  and  should  only  be  used  in 
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non-i' fitii  al  applications.  It  is  to  l)»'  noted  that  this  soU-i  tion  ol  a nia\ii\uim  ot 
10  poises  is  ni.it  a black  and  wliite  tU’cisiiin.  I'ur  exaiupli-  it  iO  pulses  wi're 
used  only  a tew  percent  more  failures  would  oicur.  Keducinp  tlie  allowed  num- 
ber oven  fiirthi'r  will  rapidly  decrease  the  relative  failure  rate  with  a SO  to  1 
redviction  predicted  for  a \ery  few  pulses.  The  best  approach  woidd  seem 
to  lie  to  reduce  the  pulse  limit  to  as  low  a level  as  reasonable  programming 
yield  considerations  will  permit.  At  the  presiMit  time  perhaps  a fair  judgment 
would  be  to  allow  10  pulses  iit  non- 1 ritical  applications  and  to  reduce  the  limit 
to  one  or  two  pulses  for  high  reliability  applications.  The  method  of  two 
pulses  woulci  be  to  hit  each  fuse  with  one  pulse  and  then  those  that  did  not 
program  the  first  time  with  a second  pulse.  Each  vendor  has  its  own  unique 
PROM  design.  The  way  programming  current  is  directed  to  the  fuse  and  the 
required  fusing  energy  differ  between  vendors.  It  is  important  that  the  vendor 
recommended  pulse  shapes  be  used  for  programming. 

While  the  above  paragraph  discussed  the  c ase  for  N'iCr  PROMs,  the 
same  reasoning  applies  for  polysilicon  PROMs  except  that  as  many  as 
1000  pulses  should  be  permitted  as  evidenced  by  the  number  ot  pulses  nor- 
mally required  to  program  (Table  17)  and  the  failures  which  oiturred  for 
only  bits  programmed  wdth  higher  than  1000  pulses  (Table  lid. 

.Since  no  failures  were  experienced  for  AIM  PROMs  programmed  with 
large  number  of  pulses,  no  maximum  number  of  programming  pulses  need 
be  set  for  AIM  PROMs. 
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8.  SCREENING  TESTS 

Programmable  read-only  memories  are  one  type  ol  microelectronic 
device.  As  such,  they  are  subject  to  the  screening  tor  all  microelectronics 
specified  in  MlL-STD-883,  Method  5004.  Additional  screening  tests  are 
sometimes  specified  in  the  MLL-M-38510  detail  specifications  (slash  sheets). 

The  details  of  various  tests  and  analyses  pertinent  to  screening  are  contained 
in  the  sections  on  Programming,  Memory  Element  Failure  Mechanism,  and 
Burn-In  and  Life  Tests.  The  use  of  such  additional  tests  is  scussed  below 
for  each  of  the  PROM  technologies. 

CORROSION  RESISTANCE  SCREENING  (CRS)  TESTS 

CRS  Tests  for  Polysilicon  Fuse  PROMs 

For  NiCr  fuse  link  PROMs,  an  additional  screening  test,  the  freeze-out 
test,  a Group  B inspection  test,  and  the  water  drop  test  are  specified  to  test 
the  adequacy  of  the  passivation  overglass.  These  tests  should  not  be  neces- 
sary for  polysilicon  fuse  link  PROMs  because  polysilicon  is  resistant  to 
corrosion,  due  to  its  self-passivating  oxide,  and  because  the  amount  of 
material  in  the  fuse  link  is  much  larger  than  in  the  case  of  NiCr  fuses. 

However,  the  overglass  passivation  is  removed  from  every  polysilicon  fuse 
link  during  manufacturing  in  order  to  facilitate  programming.  Therefore  the 
freeze-out  and  water  drop  tests  were  performed  on  some  polysilicon  fuse 
devices  to  verify  that  corrosion  is  not  a threat  to  these  devices,  as  described 
in  the  section  on  failure  mechanisms.  No  corrosion  of  polysilicon  was  | 

detected  in  those  tests,  so  there  is  no  apparent  reason  for  special  screening  j 

tests  of  the  corrosion  resistance  of  these  devices.  j 

No  other  special  screening  tests  were  investigated  for  polysilicon  fuse  j 

PROMs  and  none  is  recommended.  j 

I 

CRS  Tests  for  AIM  PROMs  | 

No  additional  screening  tests  have  been  specified  in  MIL-M-38510/202,  | 

the  detail  specification  for  1024-bit  AIM  devices.  None  were  found  to  i 
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warrant  investigation  during  this  study  and  no  test  in  addition  to  Method  5004 
is  recommended  as  a result  of  this  study. 


CRS  Test  for  NiCr  Fuse  PROMs 

The  current  detail  specification  for  51Z-bit  NiCr  PROMs,  MIL-M- 18510/ 
ZOl,  specifies  a screening  test,  the  freeze-out  test  (paragraph  4.  3e),  in 
addition  to  Method  5004.  This  test  is  intended  to  evaluate  the  moisture  con- 
tent inside  the  device  package  and  the  adequacy  of  the  passivation  glass  which 
is  supposed  to  protect  the  NiCr  fuse  links  against  corrosion,  as  well  as 
provide  mechanical  protection  to  the  circuit.  Corrosion  of  an  unprogrammed 
fuse  link  would  result  in  its  conversion  to  an  apparently  programmed  link 
and  thus  failure  of  the  device.  Since  there  have  been  failures  of  this  type 
reported  and  there  were  similar  problems  with  NiCr  resistors  in  other 
applications,  the  addition  of  the  freeze-out  test  was  a reasonable  precaution. 
However,  it  does  require  time  and  expense  to  perform,  so  its  use  merits 
reevaluation. 

All  of  the  nine  NiCr  PROMs  put  through  the  freeze-out  test  during  this 
study  (see  the  section  on  failure  mechanisms  of  this  report)  passed  that  test. 
Furthermore  none  had  any  NiCr  failures  during  the  more  severe  water  drop 
test.  Inspection  of  these  devices  did  not  reveal  any  cracks  in  the  passiva- 
tion glass  edges  of  the  A1  metallization  lines  where  they  contact  the  NiCr. 

Thus  the  passivation  glass  appears  to  be  effective  in  the  devices  examined. 
However,  the  small  number  of  devices  included  here  does  not  allow  any 
valid  determination  of  the  overall  need  for  the  freeze-out  test. 

The  water  drop  test  of  the  Group  B inspection  (paragraph  4.  4.  Z(c)  of 
MIL-M-38510/Z01)  is  also  intended  to  evaluate  the  passivation  integrity  of 
each  lot  of  Class  A devices.  If  no  failures  of  the  freeze-out  test  have 
occurred  for  recent  lots  which  passed  the  water  drop  test,  then  the  possi- 
bility of  dropping  the  freeze-out  test  for  Class  A devices  should  be  considered. 
On  the  other  hand,  it  would  not  be  appropriate  to  delete  the  water  drop  test 
and  retain  only  the  freeze-out  test  for  Class  A devices,  as  is  done  for 
Class  B and  Class  C devices  (paragraph  4.  4.  3f).  This  is  because  the 
freeze-out  test  requires  two  factors  for  failure:  a dew  point  inside  the 
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package  of  -10°C  or  above  and  a defect  in  the  passivation  glass  over  a NiCr 
fuse  link.  If  a device  passes  this  test  only  because  of  a low  dew  point,  mois- 
ture ma>-  subsequently  leak  into  the  package  and  cause  a failure  by  corrosion 
through  passivation  defects.  If  the  lot  from  which  that  device  was  drawn 
had  been  subjected  to  the  water  drop  test  the  defective  glass  passivation 
that  permitted  the  subsequent  failure  could  have  been  detected  and  the  lot 
rejected  initially. 

No  other  screening  tests  in  addition  to  those  in  Method  5004  were 
investigated  during  this  study  and  none  in  addition  to  the  freeze-out  and  water 
drop  tests  is  recummeiided  for  the  NiCr  fuse  technology. 

BURN-IN  SCREENING  TESTS 

A question  frequently  arises  as  to  whether  burn-in  should  be  performed 
before  or  after  programming  of  fusible  link  PROMs.  In  situations  where 
the  user  stockpiles  parts  which  he  would  later  program  according  to  need, 
logistics  are  simplified  by  a pre-programming  burn-in,  perhaps  performed 
by  the  vendor.  However,  in  view  of  the  results  of  this  study,  as  reported 
in  the  Burn-In  and  Eife  Test  Section,  this  Increases  the  probability  that  an 
irnnroperly  programmed  fuse  might  go  undetected  and  be  sent  into  the  field. 

is  therefore  commended  that  burn-in  be  performed  after  programming, 
at  least  until  exjierienc-  tdearly  establishes  that  control  of  programming 
parameters  and  limitalion  of  the  allowed  number  of  programming  pulses 
■ill  eli.  d.nate  the  possibility  ol  an  improperly  prog  rammed  fuse. 

Rased  on  ' iai  /.o-s  reported  in  tli.i  section  or  B'.’.rri-tn  and  L.  e lb  sts, 
a log  nr.,  u-',-in  m uid  m •<’  out  '>0  to.  7 ■ p -cent  >'f  ‘he  ^ - rt  'hai 

t'.  i , i I - ■ i , 1 . i y I ' "C  I' t i-f  1 1 ; 1 U s<‘  --  ri  .;g  , ii  “ 

‘ o .•  . _ ^ , -IT.  iposr 

li  ■ \ e ' '■  ■ . , . .o:  ■:  I - 

r ' ' * .■»  - i _ • 1 ' ( I a *1-.  t t ^ I L'  : 

;.ub 'tt-ne ..  ■ , r • . v Ih  leSj-..  i t'.  ;-la.ndar,t  nui-ri  b:,-!  tirm  . l 

'■oe.imm  ’nderl  tto.b  'h.  ,.(.andard  Mil. -STD-38  ' bn. :■  ■■  .:i  t.m-’S  .-on. am  ncliar.g" 
The  burn-in  sh.-i  Id  b.-  Horn  afti  r programming  for  fuse  link  type  PKC'Ms. 
for  AIM  type  1 I tfMs  it  may  hi  done  i-ither  befori.'  or  after  programming. 
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TEiVIPERATURE  SCREENING  TESTS 


In  specifying  the  functional  testing  to  be  performed,  consideration 
should  be  made  of  the  temperature  dependent  behavior  of  marginally  pro- 
grammed fuses  (see  section  on  Burn-In  and  Life  Tests).  It  is  frequently 
observed  during  this  study  that  devices  programmed  and  tested  at  room 
temperature  do  not  necessarily  operate  properly  over  the  full  military 
temperature  range. 

This  is  true  of  devices  utilizing  AIM  technology  as  well  as  fusible  link 
devices.  In  the  case  of  the  AIM  devices,  this  may  be  due  to  the  fact  that 
these  devices,  which  are  programmed  in  an  incremental  fashion,  depend  on 
correlation  of  the  special  verification  procedure  used  during  programming 
to  assure  proper  functional  performance  over  the  full  temperature  range. 

The  verification  reference  point  might  not  provide  sufficient  margin  tc 
assure  full  temperature  range  operation. 

While  it  may  be  possible  to  devise  more  stringent  room  temperature 
tests  which  assure  full  temperature  range  operation,  at  present  functional 
testing  at  the  temperature  extremes  is  an  irnportant  safeguard  against  the 
deployment  of  improperly  programmed  devices.  iOO  percent  full  temperature 
tests  are  recommended  for  all  of  thi;  device  types  covered  in  this  study  if 
no  temperature  screening  will  be  de;i>'  at  .iie  assemoiy  level. 
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9.  SUMMARY,  CONCIAJSIONS  AND  RECOMMENDATIONS 


The  pertinent  findings,  conclusions  and  recommendations  for  the 
tliree  PROM  technologies  studied  are  summarized  in  Tables  18  - 20. 


Memory  Mletnent 


Prograniniin^ 


Programming  Mechanism 


Memory  FUement 
F'nilure  M<‘chanisms 


lAliLF;  18,  PC)I.YSILIC;ON  Pi 


This  technology  uses  as  memory  {'lements  fuse 
links  ol  polycrystalline  silicon  material.  '[’he 
fuses  are  a pp roxi ma tely  0 . 1 S pm  thick  and  ^.  2.  pm 
vciclc-  at  the  neck.  To  facilitate  programming,  the 
passivation  glass  is  removt^d  at  the  fuse  localicjns. 
Thus  the  fusc-s  are  expensed  to  the  atmosphere  of 
tile  dt'vice  cavity.  The  unprogrammed  fuse  link 
resistance  is  approximately  100  ohms.  VVhe-n  pro- 
grarnmc'd  the  fuses  are  lilown  via  electric  currc-nt 
to  an  open  condition  of  greater  than  one  rneg-ohm. 
'I'he  minimum  resistance'  for  a fuse  to  appc'ar  pro- 
grammed is  in  the  1000  ohm  region. 

Programming  pulse  widths  hc'ginning  with  I ps  and 
then  increasing  linearly  to  8 ps  maximum  in  100  ms 
are  used  in  standard  programming.  99.64  percent 
of  the  fuses  vve-re  programmed  within  1000  pulses. 
Programming  yields  of  97  pc;rcent  and  90  percent 
were  rc'portc'd  by  usc'rs  for  the  IK  and  ZK  dev'ic os 
respecti vc'ly  using  multiple'  pulse's.  It  is  recom- 
mc'nded  that  a maximum  of  1000  pulses  he-  allowecl 
for  programming  dcjvices  from  this  technology. 
Vc-ndoi-  i-ec  cjmmc'ndc'd  pulse'  shape's  should  he 
usc'd. 

Aftc'r  the  programming  current  mc'lts  the'  polysili- 
con fuse,  its  surface;  tension  pulls  it  into  a fc'w 
rounded  lumps  at  the'  center  of  the  tusc'.  Subsc'- 
epiently,  the'  thinne'd  region  betwi'c'n  the'  e e'ntral 
lumps  and  the  emitte'r  end  of  the  fuse  opc'ns.  This 
rc'sults  from  the  migration  of  silicon  away  from 
that  rc'giein  unth'r  the'  influt'ncc'S  of  the'  e'lectric 
fie'ld  and  the'  tlu'rmal  gradient  in  that  region.  Oxi- 
dation of  the'  hot  silicon  may  also  contribute  to 
inte'rrupting  the'  e lectrical  conductivity  of  the  fuse. 
The'  appare'ni  gaps  in  the-  programmed  fuses  are' 
ve'i'v  narrow. 

The'  peilysilicon  fuse  is  self-passivating  and  is  not 
as  liable'  to  corrode'  as  some  e)ther  fuse'  Jinks.  Its 
thickness  alsej  hc'lps  to  re;sist  any  corrosion  dam- 
age. Pre'c/.e-out  and  watc'r  drop  te'sts  did  not 
cause'  failure's  c've'n  though  the'  fuse's  we're'  not  pro- 
tc'cted  by  any  passivalie)n  laye'r.  Ileiwever,  the 
exposed  fuse's  are'  subject  to  the'  ha/.arei  of  loeese' 
particle's  insieh'  the'  package',  shortitig  adjaee'nt 


A/cr 

7/^£cedx/V<^  ~ ^ 


Mt'inory  Kh-tiient 


Programming 


Programming  Mechanism 


Memory  Element 
Eailure  Mechanisms 


TABLE  19.  AVALANC:ilE-lNinJC;ED 


'I'liis  technolcjgy  uses  floating  base  n-p-n 
transistors  as  memory  elements.  The  base  tliiik- 
ness  is  approximately  0.  3 pm.  The  military  AIM 
devices  arc  passivated  with  a I pm  thick  CVD 
overglass  of  a sandwich  structure  of  SiO^,  P-SiO^ 
and  SiO^.  The  resistance  of  the  unprogrammed 
element  is  approximately  10*^  ohms.  When  pro- 
grammed tin*  emitter- base  junction  is  blown  via 
electric  current  to  a short  condition  of  less  than 
1 0 ohms . 


Programming  current  pulse  width  of  7.  ps  is 
used  in  standard  programming.  99.87  pc'rcent  of 
the  memory  elements  were  programmed  within 
100  pulses.  Programming  yield  of  96  perc  . nt 
was  reported  by  a large  quantity  user  for  1 1-^ 
devices  using  standard  multipulse  programming. 
It  is  recommended  that  no  limitation  be  placed  on 
the  total  number  of  pulses  used  for  programming. 


The  programming  mechanism  involves  rapid 
migration  of  A1  from  the  emitter  contact  through 
the  emitter  - base*  junction.  This  migration  occurs 
at  a hot  spot  v\here  most  of  the  electric  current 
passes  through  the  reverse  biased  einittc?  r- base 
junction  simultaneously.  Si  diffuses  out  o!  the* 
emitter  region  into  the  A1  emitter  contact  because 
of  the  concentration  gradient.  After  the  junction 
IS  siiorted  by  the  A1  ' finger,  ''  the  region  cools 
rapidly,  preserving  the  inhomogeneous  structures 
observed  as  white*  lumps  on  emitter  contacts  and 
A1  ' fingers''  in  sectioned  devices. 


Possible  failure  mechanisms  are  grov'.tii  of  alloy- 
ing pits  to  short  the  emitter- base  junction  of  an 
unprogrammed  element  or  the  furthem  diffusion 
of  the  aluminum  spike  through  the  collector- base 
junction  of  a programmed  element.  However,  no 
failures  related  to  the  first  failure  mechanism 
have  been  reported.  'I'he  second  failure  mechan- 
ism may  not  be  a problem  because  the  aluminum 
spike  diffusion  may  only  increase  the  local  carrier 
concentration  of  the  p-type  base  region  and  push 
the  base-collector  junction  further  into  the  collec- 
tor without  causing  a short.  There  have  been  no 
definitive  memory  element  failures  reported  in 
the  industry. 


J 
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TABLE  20.  NICHROME  FUSE 


I 


Memory  Element  This  technology  uses  fuse  links  of  nichrome  material  Bun 

as  memory  elements.  The  fuses  are  typically  about  Test 

200  nm  thick  and  4 pm  wide  at  the  neck.  Ni:Cr  ratio 
and  dimensions  vary  among  manufacturers.  The 
fuses  and  the  overall  chip  surface  are  typically  pro- 
tected by  a layer  of  phosphosilicate  glass  1 pm  thick. 

The  typical  unprogrammed  fuse  link  resistance  is 
400  ohms.  When  programmed,  the  fuses  are  blown  to 
an  open  condition  of  greater  than  one  meg-ohm.  The 
minimum  resistance  for  a fuse  to  appear  programmed 
is  in  the  4000  ohm  region. 

Programming  Programming  pulse  widths  of  67  ps  and  100  ps  were 

used.  A sawtooth  waveform  was  used  with  the  67  ps 
pulse.  All  of  the  fuses  programmed  within  10  pulses 
for  one  vendor.  For  the  other  vendor  78  percent  of 
the  fuses  programmed  within  10  pulses.  Program- 
ming yields  of  85  to  95  percent  were  reported  by  large 
quantity  users  for  IK  and  2K  devices  using  multiple 
pulses.  Small  quantity  experiment  by  a user  experi- 
enced 50  to  80  percent  yield  on  2K  devices  using  single 
pulse  programming 

For  non-critical  usage  a maximum  of  10  pulses 
may  be  used.  Vendor  recommended  pulse  shapes 
should  be  used. 

Investigation  by  Kenney,  Jones  and  Ogilvie  has  Sere 

resulted  in  a detailed  description  of  the  programming 
mechanism.  This  involves  melting  of  the  NiCr  film 
by  Joule  heating,  expansion  of  holes  in  the  liquid  film 
due  to  its  surface  tension,  and  breakup  of  the  peram- 
eters  of  the  holes  by  perturbations,  resulting  in 
symmetrical  filaments  of  NiCr  in  the  fuse  gap.  The 
filaments  may  in  turn  break  into  droplets.  The  spinel 
(oxide)  film  left  in  the  gap  may  also  melt  and  break  up 
in  a similar  fashion. 

Two  failure  mechanisms  were  identified  in  the  earlier 
study,  namely  corrosion  of  the  fuses  caused  by  water 
penetrating  through  the  passivation  layer  and  recon- 
duction of  programmed  fuses.  There  have  been  no 
failures  due  to  corrosion  reported  by  the  industry  in 
the  last  two  years.  However,  there  were  reconduction 
failures  reported.  By  limiting  current  to  a fuse  a 
marginal  fuse  can  be  created  that  would  reconduct 
after  operation  for  some  time. 


Memory  Element 
Failure  Mechanisms 


Programming 

Mechanism 
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E 20.  NICHROMt:  FUSE  TECHNOLOGY 
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Burn-In  and  Life  A 2016  hour,  125°C  life  test  was  conducted  on  21  IK, 

Tests  19  2K  and  10  4K  devices,  with  the  devices  roughly 

divided  equally  between  the  two  vendors  utilized.  The 
bits  in  these  devices  were  programmed  in  two  groups. 
Group  1 was  programmed  with  vendor  recommended 
methods  and  Group  II  was  programmed  with  reduced 
pulse  voltage  to  induce  marginal  fuses.  No  failures 
were  experienced  in  the  Group  I fuses.  The  Group  II 
devices  showed  35  fuse  failures  in  1 7 devices.  65  per- 
cent of  the  device  failures  occurred  prior  to  168  hours 
of  test  and  94  percent  prior  to  336  hours.  Some  recon- 
ducting fuses  would  occasionally  become  open  again, 
which  indicates  that  these  fuses  were  probably  in  a 
marginal  condition.  None  of  the  fuses  programmed 
within  10  pulses  failed.  Cumulative  fuse  failure 
curves  were  analyzed.  The  curve  for  IK  devices 
showed  a knee  around  250  hours  of  test  and  the  curves 
for  2K  and  4K  devices  showed  knees  around  500  hours. 
This  phenomenon  agrees  with  the  reconduction  theory 
of  dielectric  breakdown  developed  in  the  earlier  study. 
In  this  theory  the  time  to  failure  varies  inversely  as 
the  applied  voltage  and  the  length  of  time  the  voltage 
is  applied.  The  voltage  stress  in  this  case  is  the 
interrogation  voltage.  Due  to  the  word  organization, 
the  duty  cycle  of  the  interrogation  voltage  on  the  bits 
of  the  2K  and  4K  devices  is  one  half  of  that  of  the  IK 
device. 

Screening  Tests  The  MIL-STD-883,  Method  5004  tests,  the  freeze-out 

test  and  the  water  drop  test  should  be  continued  for 
this  technology.  Burn-in  time  of  168  hours  at  125°C 
with  dynamic  addressing  could  weed  out  65  percent 
of  the  marginal  fuses.  Extending  the  burn-in  times 
to  240  hours  for  Class  B devices  might  be  desirable. 
However,  from  a practical  and  standardization  view 
point  it  is  recommended  that  the  Method  5004  stan- 
dard be  maintained.  The  burn-in  should  be  done  after 
programming.  Full  military  temperature  range  test- 
ing after  programming  should  be  done  until  sufficient 
information  proves  otherwise. 


10.  RECOMMENDATIONS  FOR  FUTURE  STUDY 


Pertinent  information  has  been  derived  from  this  study  to  qualitatively 
indicate  that  the  specific  parts  utilized  from  the  three  technologies  (poly- 
silicon fuse,  nichronie  fuse  and  AIM)  have  reasonable  programming  yield 
and  reliability  characteristics;  and  fuse  reconduction  failures  can  be  aggra- 
vated by  limiting  programming  currents  to  the  fuses  and  high  temperaiv.,'o 
operation  of  devices.  To  project  this  information  for  use  with  PUC'Ah 
programmed  and  operated  under  standard  conditions,  further  study  on  a 
large  sample  basis  will  be  required.  There  are  many  more  types  of  PROMs 
now  available  in  the  market.  Similar  evaluations  should  be  done  on  these 
new  types  to  assess  their  reliability  before  actual  usage  in  production  sys- 
tems. The  following  are  recommendations  on  future  studies. 

1 . Large  Sample  Correlation  Study 

During  the  present  study,  fuse  type  PROMs  wi.th  long  blow  times, 
which  were  blown  with  low  programming  cur  rents,  we  re  found  to 
be  associated  with  higher  reconduction  failure  rates.  In  order  to 
verify  this  with  normal  programming  methods,  a study  may  be 
conducted  with  a large  number  of  PROMs  programmed  with  standard 
methods.  In  this  study  the  number  of  pulses  required  to  program 
each  fuse  should  be  recorded.  The  PROMs  are  then  operated  under 
normal  conditions.  The  recorded  failures  are  then  correlated  back 
to  the  number  of  pulses  to  program  data.  The  output  of  this  study 
will  give  both  programming  yield  data  and  failure  rate  data  as 
functions  of  number  of  pulses  to  program.  This  study  can  best  be 
done  by  firms  that  are  already  using  large  quantities  of  PROMs  and 
are  logging  the  operating  time  and  failures. 

Z.  Burn-In  Study 

P'or  fuses  blown  with  reduced  currents,  the  125^C  burn-in  time 
appeared  to  be  optimal  around  250  to  500  hours.  In  order  to  verify 
this  optimum  time  for  fuses  blown  with  standard  methods  a large 
amount  of  test  information  needs  to  be  collected.  Such  information 
is  available  in  the  Group  B Life  Test  data  from  the  manufacturers. 
The  Life  Test  data  should  be  collected  and  analyzed  for  both  opti- 
mum burn-in  lime  determination  and  failure  rate  determination. 

3.  Accelerated  Tests  on  AIM  PROMs 

The  present  study  indicates  that  the  memory  elements  of  AIM 
PROMs  have  relatively  few  failure  mectiamsms,  and  that  these 
mecnanisms  are  insensitive  to  programming  variations.  Thus  it 
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APPENDIX  I 

USER  INFORMATION  SURVEY  FORM 


PROM  ReLiability  L^formation  Collection  Form 
(Please  use  one  form  for  each  part  type) 


1.  1 Generic  PROM  famil  y:[ZJ  NiC  r FuseiDsi  Fuse;! IxiW  Fuse;Ll|AIM 

1 . 2 No.  of  bits:  D-256:  D 512;  QlK;  Q 2K;  Q4K;  QbK. 


1.3  Manufacturer: 


Part  No.  : 


1.4  Quality  level  of  parts:  CZl Commercial;  38510  or  equivalent  □ a; 

Db;  Dc. 


2.  1 No.  of  parts  programmed:. 


When: 


2.2  Programmed  by:  1 1 Manufacturer  ; I loist  ributor;  i luser 

2.3  Programming  method:  1 iMfg.  's  Standard;  1 J Other  (Please  describe 


belo\^). 


2.4  Do  you  limit  programming  to:  i —1  One  pulse;  iZ^  Others ; 1 I No  limit. 

2.  5 Programming  equipment  used:^ 

2.  6 Chip  usage  - rough  percentage  of  bits  per  part  required  to  be 
programmed %. 


2.  7 Programming  Yield: 


. % (Part  basis) 


3.  1 Tests  Conducted:  (Please  describe  screening,  life  or  other  test 

conditions,  test  times,  number  of  parts  tested, 
when  tests  were  conducted,  etc. ) 


3.2  Failures  experienced  from  tests:  (Please  describe  symptoms,  when 

failures  occurred,  functional  test 
condition,  etc.  ) 
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3.3  Failure  analysis  results:  (Please  describe  failure  analyses,  measure- 
ments, etc.  : attach  photo  if  available.  ) 


4.  0 Field  or  usage  experience:  (Operating  conditions,  operating  time, 

failures,  failure  analyses,  quantity  of 
parts  used,  etc.  ) 


5.  1 Your  name: 
Company:  _ 
Address: 


.Title; 


Zip  Code 


Telephone:  _( )_ 


6.  0 Normally  we  do  not  publish  data  sources  in  the  report  unless 
permission  is  obtained  from  the  contributors. 

6.  1 Would  you  want  your  name  mentioned  as  contributor:  CUyes;  iZI]  no 

6.2  Would  you  want  your  name  associated  with  this  data:  rHyes;  rUno 

6.  3 Would  your  company  want  to  have  its  name  associated  with  this  data: 

□ yes;  CUno 

7.0  Other  information  you  wish  to  supply: 


APPENDIX  U 
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APPENDIX  ni 


VENDOR  RECOMMENDED  PROGRAMMING  MET!  DS 


Polysilicon  Fuse  Technology 
(Reprinted  from  vendor  brochure' 


ROM  AND  PROM  PROGRAMMING  INSTRUCTIONS 


II.  Manually  Programming  tha  3601  (or  3601-1) 

The  3601  mey  be  programmed  using  Die  basic  circuit  ol  Figure  1.  Address  inputs  are  at  standard  TTL  levels.  Only  one  output 
may  be  programmed  at  a time.  The  output  to  be  programmed  must  be  connected  to  Vec  through  a 3001!  resistor  This  will  force 
the  proper  programming  current  l3-6mA)  into  the  output  when  the  Vqc  supply  is  later  raised  to  10V.  All  other  outputs  must  be 
held  at  a TTL  Icm^  level  (0.4V). 

The  programming  pulse  generator  produces  a series  of  pulses  to  the  3601  Vqc  and  ^2  ^cc  «s  pulsed  from  a low  of 

4.6  t .25V  to  a high  of  10  t .25V.  while  €$2  pulsed  from  a low  of  ground  (TTL  logic  0)  to  a high  of  15  • 0 5V  It  i*  important 
toacojrately  maintain  these  voltage  levels,  otherwise,  improper  programming  may  result.  The  pulses  applied  must  mamtam  a doty 
cycle  of  50  t 10%  and  start  with  an  initial  width  of  1 (i  l0%)ps.  arxJ  irKrease  linearly  over  a period  of  approximately  1CX)ms  to  a 
maximum  width  of  8 l±  10%)pv  Typical  devices  h«/e  their  fuse  blown  within  1ms,  but  occasionally  a fuse  may  take  up  to  400ms. 
During  the  application  of  the  program  pulse,  current  to  S2  must  be  limited  to  ICXJmA  The  output  of  the  3601  is  sensed  when 
C52  is  at  a TTL  low  level  output  A programmed  bit  will  heve  a TTL  hi^  output  After  a fuse  is  Mown,  the  Vcc  and  CS2  pulse 
trains  must  be  applied  for  another  ^0Q^i.  One  circuit  whtch  can  be  used  to  generate  this  pulse  tram  is  shown  m Figure  2,  while 
the  characteristics  of  the  pulse  train  are  shown  in  Figure  3. 


ROM  AND  PROM  PROGRAMMING  INSTRUCTIONS 

111.  Manually  Programming  the  2K  and  4K  Bipolar  PROMs 

The  Intel  2K  and  4K  bipolar  PROMs  may  be  programmed  using  the  basic  circuit  ot  Figure  V Imtiallv  all  bits  (eithiT 
2048  or  4096)  are  in  a logic  1 (high)  state.  Only  one  output  may  be  prt>grammed  at  a time  The  programming  cui'ent 
|5mA  1 10%)  IS  forced  into  the  output  to  be  programmed  by  a current  source.  The  current  should  tie  clamped  to  \/qq  by 
a silicon  diode  All  other  outputs  must  be  allowed  to  float  such  that  the  outputs  are  allowed  to  rise  one  diode  above 
Vcc  (12  5V). 

For  simplicity  of  the  programming  description,  reference  will  be  made  only  to  Vcc.  however . ihis  term  includes  both 
the  Veer  fhe  4K  PROM.  There  is  only  one  Vqc  fot  ihe  2K  PROM  Programming  pulses  must  be  applied  to 

both  Vcc  ^tid  CS  A series  of  pulses  is  applied  to  the  Vcc  as  shown  in  Figure  3a  and  3b  respectively  The 

pulse  applied  must  maintain  a duly  cycle  of  50  1 10%  and  start  with  an  initial  width  of  1 (♦10%)  m.  and  increase  linearly 
over  a period  of  approximately  100ms  to  a maximum  of  8 (t  10%)  ps,  T ypical  devices  have  their  fuse  blown  within  1ms, 
but  occasionally  a fuse  may  take  up  to  4IX)ms.  During  the  application  of  the  program  pulse,  the  V^c  current  must  lie 
limited  to  6(X)mA  and  the  current  to  150mA.  A programmed  bit  will  have  a TTL  low  level  •*  r a fuse  is  blown, 
the  Vcc  ^ pulse  trains  must  t>e  applied  (the  pulse  width  still  linearly  increasing  to  a maximu  3p5)  for  another 
100ms 
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AIM  I't'chnology 

(Reprinti’d  from  vi-ndor  brochure) 


For  IK  and  2 K do  vie  os 


PROGRAMMING  CHARACTERISTICS  (T,  - 26'C.  Vec  - 6 OV) 


SYMBOL 

— 

CHARACTERISTICS 

TYP 

UNITS 

CONDITIONS 

(or 



Time  to  Elfctncglly  Alter  a Bit  at 
Logic  ”0"  to  Logic  "I" 

t 

200 

MS 

Using  INTERSIL,  INC 
Programming  Equipment  | 

PROGRAMMING  SPECIFICATION 

To  eoriActly  proortm  tfw  IMS603A  o'  iM5623.  it  is  imperative  that  this  specification  be  ngorousiy  adhered  to.  (ntersif.  Inc  . 
Mill  rsot  accept  retponsibtlity  for  any  device  found  to  be  defective  if  it  were  not  programnsed  accordirtg  to  this  specification 


CHARACTERISTICS 

LIMIT 

UNITS 

NOTES 

Programming  Pulse: 

Amplitude 

200  ±5% 

mA 

Constant  Current 

Voltage  (damp) 

28.0  +0%  -2% 

V 

Voltage  limit  of  current  source 

Ramp  Rate  dv/dt 

70  max. 

V/(js 

Pulse  Width 

7 5 »5% 

MS 

15V  points,  150^^  load 

Duty  Cycle 

70%  mm 

Sense  Current 

20.0  tO.5 

mA 

The  sense  current  must  be  interrupted  after  each 
address  charsge  for  10ms  min.  The  sense  current 
ramp  rate  dv/dt  must  be  <70V/ms.  and  clamped 
to  28.0V  +0%  -2% 

Programming  V^c 

5.0  +5%  -0% 

V 

Maximum  Sensed  Voltage 
for  a programmed  "1" 

7.0  to  1 

V 

A brt  IS  programmed  when  two  successive  sense 
readings  10ms  apart  with  no  intervening  programm 
ing  pulse,  pass  the  limit.  When  this  condition  has 
been  met.  16  additional  program  pulses  are  applied 
snd  the  pulse  tram  is  then  terminated. 

Delay  from  trailing  edge 
of  program  pulse  before 
sensing  output  voltage. 

0.7  min 

M* 

1*1 

1 ‘ 1 
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TYPICAL  VOLTAGE  WAVEFORM  DURING  PROGRAMMING 
MOTE  for  information  on  programming  a number  of  IM5603A  or  IM5623  units  mounted  on  a board,  contact  Intersil 


For  -IK  devices 


IM5605A,  IM5625  PROGRAMMING  CHARACTERISTICS 
PRELIMINARY  PROGRAMMING  SPECIFICATION  pin  conditioning 
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POST  PROGRAMMING  LOGICAL  VERt  FlCATiON 

In  order  lo  assure  data  sheet  performance  ot  a pari  jnoer  nvorst 
case  operating  conditions,  ceriam  test  cononions  and  nrruis  are 
recommendeo  for  logical  ^verification  tesiir>g  attp;  p ogramming 
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r-- 


^^UfaPROCRAMMfO  1 

^ ?W'  - applied 


\ '1ST  EXTRA*  ,?N07xTRa\  j^RD 
w-f  PULSE  U-  pulse  t— • PI 


EXTRA- 

PU-SE 


• SENSE  iVouT  VB£f  J 20MA  APPLIED 
2 


SENSE 
WIDTH  ' 


?00MA  f. 

.'4TH  EXTRA  i 20Mm 
' PULSE  TURNOFF  PTS 

/ BIT 

©ADDRESS 
CHAN^.^ 


1 OUTPUT  BE  INC  f.i  AU  »0« 

PROG  t'NPROC  BIT  ?OVA  TjPSti  % 

2 nominal  program*/  NG  P<jlSC  IS.O”' 

3 20MA  SHUTOFF  MUST  PRECEDE  AN 
ADDRESS  CHANGE 
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PROGRAMMING 


The  Generic  PROM  s are  manutKtured  eeith  ail  biivouiputs  Lugtcal  "1"  lOutpui  High)  Any  desKed  bitruulput  can  ba  pro 
grarnmed  to  a I ugicai  ‘0"  (Output  L ow)  by  following  the  simple  procedure  shown  below.  One  may  bmld  his  own  programmer 
to  satisfy  the  specifications  described  in  T able  1.  or  buy  any  of  the  commercallv  available  programmers  which  meet  these  spec 
ifications  These  PROM's  can  be  programmed  auinmatically  or  by  the  manual  procedure  shown  be  ow 


PROGRAMMING  SPECIFICATIONS 


SCHEMATIC  DIAGRAMS 


TABLE  1 

RECOM 

I Imeno  I 

lOl  MIN  I value  I MAX 


AadrPtt  Inpui 
Voirage  Itl 

PioqiamnM(ie>Ver<iv 

Voliaga  lo  V(;(;  l7> 

PfOerammine 

Voilaee  Cuiicm 
Limit 


Proframmine  (Vq^I 
Voiiaoe  Rise  and 
fall  T imf 

Proeramfning 

Dfiay 

Progiamminq 

PuiM  Widtri 
First  Attempts 

Programminq 
Puiw  Width 
Subseqneni 

Pi  sera'nminq 
Du  V Cycle 

Ouipui  Vuitaft 
C nahie 

U'sabie  (3) 


Uuiput  Voiiaqe 
E nabir  Current  L imii 


1 Addran  and  chip  mSmi  eheuld  not  b«  ieft  open  foe  V|^ 

2 VHificalion  at  V^c  - « 0 t 2S  Volll,  - TS'C  la 
rocommendod  to  fuardbond  porfoemaneo  o«^  full  tom- 
p«eatur«  and  voltof*  renpe. 

3 DiMbla  condition  will  bo  ifiot  with  output  opon  circuit. 


FIGURE  2 


FIGURE  1 


SfXSI  GAtr 


PAOSfiAMMf/i^G  PROCEOURE 

^?£iL rm J! ^«af  rfaniirna-iiiitfaiifiwp 


Aijd'kst  Hip  PROM  A'H.  Ill  hindiy  dttHfk^s  >)l  Mi« 
veltfctpd  ALird  (a  tip  pr<i<jrdmnikd  Adilivsi  inputs  4<» 
f7 1 comp4iibl«  An  open  ctffuit  should  not  be  used  to 
(ladrtiis  the  PROM  , 

Disdbis  rhp  chip  by  ippiyinq  input  highs  to  the 

^ niputti)  CS  inputs  (HM-/b40/4l  only)  must  re 
mem  et  V|^  for  program  end  verily  The  chip  select 
isTTl  compatible  An  open  circuit  should  not  be  usr>ft 
to  disable  the  chip 

Disable  the  programming  circuitry  by  eppiying  an  Out- 
put Voltage  Disable  of  less  then  Vqpq  to  the  output 
of  the  PROM  The  output  may  be  left  open  circuit  to 
actueve  tfie  disable 

Raise  Vq^  to  Vp^  with  rise  time  equal  to  t^ 
After  a delay  equal  to  or  greater  than  apply  a pulse 
witn  amplitude  equal  to  Vqp^  and  duration  of  tp|  to 
the  output  selected  for  programming  Note  that  the 
PROM  IS  supplied  with  fuses  intact  generating  an  output 
high  Programming  a fuse  will  cause  the  output  to  go 
low  in  the  verify  mode 

Other  bits  in  the  same  word  may  be  programmed  while 
the  Vqq  input  is  raised  to  Vp^  by  applying  output 


enable  pulsti  'o  eairi  uurpui  whic<<  s i-  be  proQi.< 
maU  ftieou’put  enable  pu'ses  niust  (jv  sepdidieU  by  « 
minimum  interval  ot  t^j 

Lower  V(^Q  to  4 0 * 25  Voftl  lOi-uwirig  a delay  u(  \ 

fi.im  the  Iasi  proqianiming  enable  pulse  applied  to  «. 
Output 

Enibie  the  PROM  for  vf'rif icat'on  by  applying  a logic 
'0"  (V(l)  to  the  CS  mputfs) 

If  any  bit  does  not  verify  as  programmed,  repeat  steps 
2 (.h'Pi^Qh  8 using  an  output  enable  pulse  width  ol  i^] 
for  up  to  lb  additional  pulse:  hanre  programming 

speed  If  the  bit  is  still  unpir  ned  follow  with  at 

least  16  repetitive  pulses  of  tp2  itt  width,  to  achieve 
high  programming  yieid  In  the  event  that  the  bit  is 
still  unprogrammed.  the  pan  is  considered  a program- 
ming reiect  and  should  be  returned  to  the  factory 
The  dddress  and  incorrect  anc  desired  contents  ot  a 
location  in  which  a programming  failure  has  occured  m 
any  returned  device  must  be  included  wilti  that  return 
Repeat  steps  1 through  9 for  all  other  bits  to  be  pro- 
grammed in  the  PROM 


RECOMMENDED  PROGRAMMING  CIRCUIT 


The  circuit  and  timing  diagram  shown  in  Figures  1 and  2 will  establish  the  proper  programming  condition  fm  the 
output  enable  pulse  This  allows  the  use  of  standard  TTL  pacts  for  allloqic  mpuisto  the  PROM  Mate  the  gate  which 
senses  the  output  must  he  input  protected  to  withstand  input  up  to  12  5 Volts  during  programming 


VOlTACr lUAMINT 
Itl  CaH 


nronii'  i tis  \ * , V * n<li.>r  1' 

• Wt  or* in’  4 ‘ironi  .ondn'*  hrochiir*'! 


PB OQ tNSTMUCTtCN «; 

1)  Of  VtCF  Of  SCRIPT  ON 

Thf  rt«v  •.  ^ tu'e'J  t^v  rh  -.jtpu’J  fityh  ,n  all  siofayt*  ocat.onj  To  make  an  output  low  at  a pa'ticu'at  wo'O.  a nichrc'Tw- 

♦uiitiiif  • • muvt  ce  r^angrti  ff.  n a ow  rejista  tee  to  a r^ytt  fes*stance  This  pfocedufe  is  caned  prog'^ammmg  There  are  1024  (usibie 
I mohs  c»h  me  chip  Proq'amming  equipment  can  L»e  obtamerl  from  Monolithic  Memones  Inc 
I 

I 21  PROCRAMMING  DESCRIPTION 

To  select  a pa'*.cuiat  fus.bie  Nnk  tor  piogramming,  the  w<vrd  address  is  presented  wth  TTu  levels  on  Aq  through  A 7,  a Vqq  o<  5 50  V 
I s applied  c-r  ett  aopned  and  the  program  i ' 'Enable  E])  and  the  output  to  be  programined  a'e  taken  to  an  elevated  voMage  to 
Sus'piy  the  eou  'esl  Current  »n  p'cHj  am  he  • .se  Thp  ouip..'*  most  he  r'aflcammer*  one  n ppui  a time.  $.nce  .nte.-na.  leroo. nq 
iHv  S . ao.«h'»  n1  tink  ifg  hniy  -.i.t-  iiP  1 •.»g»»'»ir»’inq  ■•,j|p*'nf  at  a time 


li  ENABLE  €7 

cnatii*  '•  n p.  ' ‘41  » s ugiC  enar-n  ani* 
chp-i  " ny  <.  i*i'  nijipu’  $ prograr  mec  ■» 

,**>.  •;»  ii  Ml  ..e»  firatinn  « >rt  th< 

. ' 9 a n.tT  r..  -jpf  .(•  -t  ration 


iCt  .sr*<;  Oi.i.ng  progMmnting  t mav  *'€  h gh.  «.vv  or  r-pen  rjurmy  programm  nq  vVh*«n 
,rh  aiM'i;  jer.ticatM-'ii  erab  e>  -1  and  E^  inust  be  .otiv  to  activate  the  device  3*nr»;  F-h 
i»*t*  • irBlev*ni  Ivng  ^logramming  ire  • mj 'est  p>rK'edure  ‘S  *c  jrri.i  '*  • lu'  ny 


*'hf  jr< igrt'^ining  ^roewdure  mvoives  the  uie  >t  ha  ji>)gram  pm  an  enaoie!  and  *he  output  pm  n order  to  guarantee  th,ti  the 
' Hi  t'lijt  raf'iiit'ir  s itt  tetora  increasing  the  vbiiaga  on  'he  Output  pm  he  program  pm  s vottage  pulse  must  come  before 'he  sutput 

3 n I jroyiamm.fiQ  jiiise  yor*  Rave  after  the  output  pm  s programming  puUe  100  ns  de'^v  'S  adequate  The  programming  pulse 

appufci  rp  thn  ''utpii*  p-n  Mnri  program  pm  must  have  a 5C  to  7U  micrntacon<ii  nse  time  imu  figure  4 

5)  /ERifiCATiON 

I AfRi  oiogr«rrimiiitf  a device  t • er  « checked  for  a low  output  bv  taking  both  anabiei  lew  Smee  we  must  guarantee  ope'atmn  .*1 
I TSiMi  Ttum  fORjumum  Vr.c  • urrent  and  temperatuft*,  the  ttevica  nuit  be  required  'o  smk  * 2 mA  at  4 20  V and  ft  2 '•■A 

■9I  fl  0 V at  00m  tempera- jra 

I 51  iOARDPROGRAf^NG 

' , 'v'«  may  be  programmed  at  me  'c-)»rr*  evei  by  bringing  the  program  om  of  each  i*ackage  to  the  card  connector  ^c  pTi.^graro  a 

l car  iCMat  pac-rage  A the  ;;.roqram  pm  of  f>ucka«ic  A and  one  output  of  package  A,  which  mav  3r  may  not  be  “OP"  tied  to  .'t*’er 

' i^ackage*.  are  taken  ro  the  leoi.ired  orogramnsm^  voltage  An  alternate  procedure  is  to  tie  the  enable  and  .outputs  together  as  rec-<'rod 
j bv  he  System  r.jpction  ar«i  only  apply  v'jr'  'o  'he  dev-ce  to  be  programmed  "^he  number  rj  units  soldered  on  a boarc  shcMd  *36 
I ronsisfci't  wi*h  e.'rper.red  programrrvng  »cRid»  o 5v-3io  rework 

I 7)  IINPROGRAMMABLE  ONITS 

I V sua‘  ispect  nr  it  ?00X  p'*  ir  tc  encapn.'a»'on,  fuses  and  decoding  circuitry  tests  are  used  to  guarantee  a high  prrg«amm'nfi 
yieir?  ot  the  oewtre  m he  »eid.  .-fcwcwei . oecause  of  random  defects,  it  is  impossible  to  guarantee  that  a link  will  ope''  withou- 
I acTuailv  programming  t UNITS  RETURNED  TO  MMI  AS  UNPROGRAMMABLE  MUST  BE  ACCOMPANIED  BY  A COMPLETE 
DEVICE  truth  table  WITH  THE  LOCATION  WHICH  COULDN'T  BE  PROGRAMMED.  OR  WHICH  FALSELY  PROGRAMMED. 
I CLEARLY  INDICATED 

operation 


PROGRAMMING  EQUIVALENT  CIRCUIT  FOR  ONE  MEMORY  OUTPUT 


FIGURE  3 

The  word  decode  circuitry  selects  transistor  Q2  to  be  turnad  on,  and  the  bit  decode  circuitry  allows  the  base  of  Oi  to  r-se  1023 
other  fuses  are  had  selected  or  not  selected  '^he  program  pm  supplies  base  drive  to  Q)  and  the  output  pm  supplies  collector  current 
to  Of  so  thet  Qf  , emitter  can  deliver  the  required  current  to  open  the  fusible  Imk. 


PROGRAMMING  INFORMATION 


*1 


PROGRAMMING  PARAMETERS  - Do  Not  Test  These  Limits  or  You  May  Program  the  Device 

' LIMITS 

SYMBOL  ' PABAMCTERS  TESTCONOITJON  i'  j 'tyPicaI 

See  Figure  4 


I Current  into  Program  Pm  Dufir>g  i ■ 5 50  V 

^ Programming,  Before  ar>d  After  Fuse  Hes  | • 5.0  V to  25  V 

' Blown  Ypp  • 4 50  V 


TYPICAL 

OR 

OPTIMUM 


I Currerti  into  Output  Ourir>g  Programming 
Before  the  Fuse  Has  Programmed 


1 Vpp  - 29  V.  Vcc  * 5 50  V 

’Youf  »90V 


Current  into  Output  During  Programming 
After  the  Fuse  Has  Programmed 

I Rise  Time  of  Program  Pulse  Applied  to  the 
Data  Out  or  Program  Pm  From  5 V to  20  V 


Yqc  Haquirad  During  Programmtrtg 

Output  Current  Required  During 
Verificetion 


'0LV2 

Output  Current  Required  During 
Verification 

MDC 

Maximum  Duty  Cycle  Durir>g  Automatic 
' Programming  of  Program  Pin  and  'Tutput 

Ypp  • 29  V.  Vout  * 20  V 
Vcc  • 5.50  V 


Both  Chip  Erxebles  Low 

Ta  ■ 25°C,  Vcc  ' « 2 V 


Both  Chip  enables  Low 

Ta  - 2S°C.  Vcc  ■ 6 0 V 


Required  Programmirtg  Voltage  on 
Program  Pm 


Required  Programmtrsg  Voltege  on  the 
Output  Pin 


Required  Current  Limit  of  the  Power 
Supply  Feedirtg  the  Program  Pin  and  the 
Output  Durirtg  Programming 


Required  CoirKidence  Among  the 
Program  Pin.  Output.  Address  end  Vcc 
for  Programming 


Vcc  - 5 50  V 


^^>2  ; 

1 

1 

Raquired  Time  Oalay  Betwrten  Removal 
of  Programming  Pulse  and  Enabling  the 
Mensory  Output 

Measure  at  10%  Levels 

SUGGESTED  IMPLEMENTATION  OF  THE  VERIFICATION  CIRCUITRY 
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For  ZK  devices 

PROGRAMMING  INSTRUCTIONS 

II  DEVICE  DESCRIPTION  ! 

The  device  is  manufactured  with  all  outputs  high  in  all  storage  locations.  To  rnake  an  output  low  at  a particular  word,  a mchrom^  | 
fusible  link  must  be  changed  from  a low  resistance  to  a high  resistance  This  procedure  is  called  programmirtg.  There  are  2048  tusibie 
links  on  the  chip.  Programming  equipment  can  be  obtained  from  Monolithic  Memories  Inc. 

2)  PROQRAMMINQ  DESCRIPTION 

To  select  a particular  fusible  link  for  programming,  the  word  address  is  presented  witn  TTL  levels  on  Aq  through  Ag.  a of  5.50  V 
IS  applied  or  left  applied,  and  the  program  pm  (Enable  I ar>d  the  output  to  be  programmed  are  takers  to  an  elevated  voltage  to 
supply  the  required  current  to  program  the  fuse.  The  outputs  must  be  programmed  one  output  at  a time,  since  mtemal  decoding 
Circuitry  is  capable  of  sinking  only  one  unit  of  programming  current  at  a time 

3)  TIMING 

The  programmirsg  procedure  mvolvei  the  u«a  of  the  program  pin  (an  enable)  and  the  output  pm.  Irs  order  to  guarantee  that  the 
output  trarwittor  ti  oH  before  irKreasirsg  the  voltage  on  the  output  pm,  the  program  pin's  voltage  pulse  must  come  before  the  output 
pin's  programmirsg  pulat  and  leave  after  the  output  prn's  Qrogramming  pulse  100  ns  delay  is  adaquata  The  programming  pulse 
applied  to  the  output  pin  and  program  pin  must  have  a 50  to  70  microsecorels  risa  time  See  Figure  4 

4)  VERIFICATION 

After  programming  a device.  «t  can  ba  chackad  for  a low  output  by  taking  tha  anabla  low  Since  we  must  guarantee  operation  at  mmi 
rnum  end  mevimum  V(^c.  load  current,  end  tempereture.  the  device  must  be  required  to  sink  10  mA  at  4 20  V Vqq  and  0 2 mA  at 
6.0  V Vqc  room  temperature 

5)  BOARD  PROGRAMMING 

Units  ntey  be  programmed  at  the  board  level  by  brir^ir^g  the  program  pm  of  each  package  to  the  card  connector.  To  program  a 
particular  package  "A”,  the  program  pm  of  package  A and  one  output  of  package  A.  which  may  or  may  not  be  “OR"  tied  to  other 
packages,  are  taken  to  the  required  programming  voltage.  An  alternate  procedure  is  to  tie  the  enable  and  outputs  together  as  required 
by  The  system  fursction  and  only  apply  to  the  device  to  be  programmed.  The  number  of  units  soldered  on  a board  should  be 
consistent  with  expected  programming  yields  to  avoid  rework 

6)  UNPROGRAMMABLE  UNITS 

Visual  inspection  at  200X  prior  to  encapsulation,  test  fuses  end  decoding  circuitry  tests  ere  used  to  guarantee  a high  programmir^g 
yield  of  the  device  m the  field.  However,  because  of  random  defects,  it  is  impossible  to  guarantee  that  a link  will  open  without 
actuelly  programming  it.  UNITS  RETURNED  TO  MMI  AS  UNPROGRAMMABLE  MUST  BE  ACCOMPANIED  BY  A COMPLETE 
DEVICE  TRUTH  TABLE  WITH  THE  LOCATION  WHICH  COULDN'T  BE  PROGRAMMED.  OR  WHICH  FALSELY  PROGRAMMED. 
CLEARLY  INDICATED.  ! 


OPERATION 


PROGRAMMING  EQUIVALENT  CIRCUIT  FOR  ONE  MEMORY  OUTPUT 


riM* 


FIGURES 

The  word  decode  circuitry  selects  transistor  Q2  to  be  turned  on,  end  the  bit  decode  circuitry  e<iows  the  base  of  Ot  to  r<se  204  7 
other  fuses  are  half  selected  or  r>ot  selected.  The  program  pm  supplies  base  dn^  to  Of  end  the  output  pm  supplies  collector  current 
to  Qt  so  that  Qt*|  emitter  can  deliver  the  required  current  to  open  the  fusible  link. 


PROGRAMMING  INFORMATION 


PROGRAMMING  PARAMETERS  Do  Not  Test  These  Limits  ot  You  May  Pfogiam  the  Device 


SYMBOL 

PARAMETERS 

^ 1 

TEST  CONDITION  I 

See  Figure  4 ' 

1 

MIN 

J 

LIMITS 

TYPICAL 

OR 

OPTIMUM 

MAX 

1 

UNITS  j 

‘pp  I 

Cuiieni  into  Program  Pm  Our-ng 
Programming.  Before  and  After  Fuse  Has 
BIomo 

Vqc  S 50  V 1 

Vo..,  50  V to  25  V 

Vpp  4 50  V 

1 

i 

0 

1 

1 

mA  1 

Vpp  21  V 

150 

mA  ^ 

I *oui 

Current  into  Output  During  Programming  1 
Before  the  Fuse  Has  Programmed  j 

Vpp  27V.VCC  5 50  V 
Vpp,  .90  V 

! 

0 1 

mA  ; 

Vpp,  . 20  V 

16 

mA 

I *out 

Current  mto  Output  During  Programming  | 
After  the  Fuse  Has  Programmed 

i Vpp  ^ 27  V.  Vpu,  = 20  V 1 
Vcc  • 5 50  V 

1 

' 0 1 

1 

' mA 

j Tbp 

Rise  Time  of  Progiam  Pulse  Applied  to  the 
^ Data  Out  or  Program  Pm  From  5 V to  20  V 

50 

60  ' 

70 

MS  , 

I VcCP 

Yqq  Required  During  Programming 

■ 6 40 

5 50 

560 

1 V ' 

' 'OuVi  ' 

■ I 

Output  Current  Required  During 

1 Verification 

Chip  Enable  Low 
• 25°C.  Vcc  ■ « 2 V 

11 

12 

13 

r-iA 

'OLVj 

I 

i Output  Current  Required  During 
Verification 

Chip  Enable  Low 

1 Ta  • 25°C,  Vcc  • 60  V 

^ 0 >9 

02  i 

1 021 

1 . i 

mA  ‘ 

j MOC 

1 Maximum  Duty  Cycle  During  Automatic 
Programming  of  Program  Pm  end  Output 
! Pm 

Tp 

1 

\ ■ 
1 

i 

25 

% 

< 

, Required  Programming  Voltage  on 

Program  Pm 

27 

27 

33 

V 

VquT 

j Required  Programming  Voltage  on  the 

1 Output  Pin 

20 

■ 20 

26 

V 

I 'l 

( 

j Required  Current  Limit  of  the  Pov^r 
' Supply  Feeding  the  Program  Pm  artd  the 
’ Output  During  Progrannming 

Vpp  - 33  V 

Vpui  • 26  V 

Vcc  * 5 50  V 

' 240 

L 

t 

i 

m A 

1 

j ’’’pp 

I 

j Required  Coirtcidence  Among  the  | 

Program  Pm.  Output,  Address  and  Vqq  I 

for  Programmirtg 

80 

1 95  ; 

1 i 

1 . 

' 110 

MS 

I Tq, 

I 

[ Required  Time  Delay  Between  Oiseblmg  ; 
1 the  Memory  Output  and  Application  of 
^ th#  Output  Programmirtg  Pulse 

Measure  at  10%  Levels 

1 

70 

80 

1 

MS 

Toj 

I Required  Time  Delay  Between  Removal 
j of  Programmirtg  Pulse  and  Enabling  the 
j Memory  Output 

1 Measure  at  10%  Levels 

i 

1 

100 

! 

1 

' 1 

SUGGESTED  IMPLEMENTATION  OF  THE  VERIFICATION  CIRCUITRY 
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FIGURE  6. 
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For  4K  devices 

PROGRAMMING  INSTRUCTIONS 

II  DEVICE  DESCRIPTION 

Th«  d6vic«  ts  manufactured  \Ntth  ail  outputs  high  in  ail  storage  locations.  To  make  an  output  low  at  a particular  word,  a nichroma  fusible  link  i 

must  ba  changed  from  a tow  resistance  to  a high  resistance  Tbit  procedure  is  called  programming.  Programming  equipment  can  be  obtained 
from  Monolithic  Memories  Inc.  i 

2)  PROGRAMMING  DESCRIPTION 

To  select  a particular  fusible  link  for  programming,  the  word  address  is  presented  with  TTL  levels  on  Aq  through  Ag.  a of  5 SO  V is  ' 
applied  or  left  applied,  and  the  program  pin  (Enable  E2)  and  the  outp>ut  to  be  programmed  are  taken  to  an  elevated  voltage  to  supply  the  I 

required  current  to  program  the  fuse.  The  outputs  must  be  programmed  one  output  at  a time,  since  internal  decoding  circuitry  is  capable  of  { 

sinking  only  one  unit  of  programmir^  current  at  a time.  1 

3)  ENABLES  fi.  E3,  AND  E4 

Enibltt  £3.  ^4  *'*  logic  enablci  and  ara  not  uud  during  programming.  Thay  may  ba  high,  low  or  open  during  programming  When 

checking  that  an  output  ii  programmad  (which  li  called  verification)  anablei  17  and  E2  must  be  low  and  E3  and  E4  must  ba  high  to  activate 
the  device.  Since  17  must  ba  low  and  E3  and  E4  must  ba  high  during  verification  and  their  states  ara  irrelevant  during  programming,  the 
timplast  procsdura  is  to  ground  Et  and  tie  E3  and  E4  to  5.0  V during  programming  verification. 

4)  TIMING 

The  programming  procedure  involves  the  use  of  the  program  pin  (an  enable)  and  the  output  pin.  In  order  to  guarantee  that  the  output 
tranaittor  it  off  before  increasing  the  voltage  on  the  output  pin,  the  program  pin's  voltage  pulse  must  come  before  the  output  pin's  program 
ming  pulaa  and  leave  after  the  output  pin's  programming  pulaa.  100  ns  delay  it  adequate.  The  programming  pulse  applied  to  the  output  pin 
and  progiam  pin  must  have  a SO  to  70  microaaconda  rite  tima.  Saa  Figure  4. 

6)  VERIFICATION 

After  programming  a device,  it  can  ba  chackad  for  a low  output  by  taking  both  enables  low.  Since  we  mutt  guarantee  operation  at  minimum 
and  maximum  V^^.  load  currant  and  tamparatura,  the  device  mutt  ba  required  to  sink  12  mA  at  4.20  V Vqq  and  0.2  mA  at  6.0  V Vqq  at 
room  tamparatura. 

61  UNPROGRAMMABLE  UNITS 

Visual  inspection  at  200X  prior  to  ancaptulation,  test  fuaat  and  decoding  circuitry  tests  ara  used  to  guarantee  a high  programming  yield  of 
the  device  in  the  field.  HovMver,  because  of  random  dafacts,  it  is  impotaibla  to  guarantee  that  a link  will  open  without  actually  programming 

it.  UNITS  RETURNED  TO  MMI  AS  UNPROGRAMMABLE  MUST  BE  ACCOMPANIED  BY  A COMPLETE  DEVICE  TRUTH  TABLE  WITH 
THE  LOCATION  WHICH  COULD  NOT  BE  PROGRAMMED,  OR  WHICH  FALSELY  PROGRAMMED,  CLEARLY  INDICATED. 


1 


PROGRAMMING  EQUIVALENT  CIRCUIT  FOR  ONE  MEMORY  OUTPUT 


OPERATION 

The  wofd  decode  circuitry  selects  transistor  to  be  turrted  on.  and  the  bit  decode  circuitry  allows  the  base  of  Qt  to  rise  4095  other  fuses 
are  half  acted  or  not  selected  The  program  pm  supplies  base  drive  to  Q)  and  the  output  pm  supplies  collector  current  to  Q]  so  that  s 
emitter  ca.i  deliver  the  required  current  to  open  the  fusible  link 

PROGRAMMING  SPEED 

Typically  fuses  will  blow  on  the  rise  time  of  the  pulse 

In  automated  programmers  which  must  copy  devices  m a short  time  because  of  production  requirerrients.  the  following  pulse  and  voltage 
sequences  have  been  found  to  maximize  reliability,  programming  yield,  arxl  thruput  The  device  should  be  verified  after  each  programming 
attempt  and  is  advanced  to  the  r>ext  bit  if  the  device  has  programmed 


PULSE  NUMBER 
1 to  3 
4 to  6 
7 to  9 


PROGRAM  PIN  VOLTAGE 

27  V 
30  V 
33  V 


OUTPUT  VOLTAGE 

20  V 
23  V 
26  V 


PROGRAMMING  TIMING 


X 


90% 

fRe 


tQ%-i 


n 


"■"7l 

■-*1  'O' 


,»to, 

— 'p 
VOUT 


Trp 

60  t 

10 

Tpp 

96  t 

15  us 

ttl  high 

sTRoac* 

Tp 

7 ♦ 1 

MS 

ttl  lote 

To, 

80  t 

10  US 

To, 

lOOi 

ns  mm. 

• ; V > 


*NOTE  Output  Load  *02  mA  during  60V  check 
Output  Load  *12  mA  during  4 2V  check 
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PROGAAMMiNG  PARAMETERS  Df)  <>«.>!  t9vt  ihevi* 

1 


• HI  IM.Iy  l>lv>y<4)1^ 


PARAMETERS 

TEST  CONDITION 

S**  f .gut*  4 

MIN 

tvriL  At 

OR 

OPTIMUM 

MA  N 

uS  ■> 

*pp 

Ciii'prn  iii|o  PiiHji.ini  I’m  Uurirrg 

VCC  5 SO  V 

0 

• A 

Pnnjt.immioi}  jml  Afte-  f-use  H^s 

Vogt  S 0 V to  2S  V 

BUjvni\ 

Vpp  4 50  V 

Vpp  27  V 

25 

'Y  A 

'.ml 

CurrenT  into  Output  Uuring  Progrdmrmng 

Vpp  29  V Vcc  5 50  V 

7 

mA 

Befoie  the  Fuse*  Has  Puigrammeo 

Vout  90  V 

Voul  V 

50 

mA 

'out 

Current  into  Output  During  Programming 

Vpp  - 27  V Vpp,  20  V 

J5 

mA 

After  The  Fuse  Has  Programmed 

Vcc  ^90  V 

Trp 

Rise  Time  of  Program  Pulse  Applied  to  the 
Data  Out  O'  Program  Pm  from  10%  lo  9C%  1 

50 

60 

70 

uS 

VCCP 

VCC  f^eQuired  During  Programmirxg 

5 40 

650 

560 

V 

'OLVl 

Output  Current  Retjuired  During 

Chip  Enabled 

1 1 

12 

13 

mA 

Verification 

T^  » 25®C.  Vcc  * ^ 2 V 

IOLV2 

Output  Current  Required  Ounng 

. Chip  Enabled 

0 19 

0 2 

0 21 

mA 

Verification 

T^  * 25**C.  Vqc  * 60  V 

MDC 

Maximum  Duty  Cycle  During  Automatic 

Tpp 

25 

% 

Programming  of  Program  Pm  and  Output  | 

' Pm  1 

Tc  1 

1 ..  . . . ^ 

Vpp 

Required  Programming  Voltage  on 

27 

27 

33 

V 

■ Program  Pm  ' 

'^out 

1 

1 Required  Programming  Voltage  on  the 

20 

20 

26 

V 

1 Output  Pin 

'l 

' Required  Current  Limit  of  the  Power 

Vpp  - 33  V i 

150 

mA 

■ Supply  FeediTsg  the  Program  Pm  and  the 

Vout  = 26  V ! 

; Output  During  Programming 

Vcc  - 5 50  V 

Tpp 

j Required  Coincidence  Among  the 
! Program  Pm,  Output  Address  and  V^C 
for  Programming 

1 

80 

95 

no 

MS 

Tdi 

; Required  Time  Delay  Between  Disabling 

j Measure  at  10%  Levels 

80 

90 

MS 

the  Memory  Output  and  Application  of 
the  Output  Programming  Pulse 

1 

1 , 

1 

Td2 

Required  Time  Delay  Between  Removal 
' of  Programming  Pulse  and  Enabhisg  the 
^ Merrsory  Output  1 

' Measure  at  10%  Levels  j 

[ 1 

; 100 

1 

L 

ns 

SUGGESTED  IMPLEMENTATION  OF  THE  VERIFICATION  CIRCUITRY 


FOA  PROPfA  THRESHOLD  AOJUSTMtNT 
INSERT  A ^N404  GERMASi.jM  TflAS 

sisTOB  KvtTH  coilEltor  and  EV  » 
TER  ShORTE  D so  Tha  < iT  ioOkS  . .■( 
A OlOOE  IN  SERIES  A'Th  Pis  » f 
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The  1N4001  D«od«  prottcti  th#  input  of  the  7402  from  th«  High  Progr.imminq  Voltdges 
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